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Founded in 1848, the American Association for the Advancement of Science 
(AAAS) is the world’s largest federation of scientific and engineering societies, with 
nearly 300 affiliate organizations. In addition, AAAS counts more than 140,000 
scientists, engineers, science educators, policy makers, and interested citizens 
among its individual members, making it the largest general scientific organization 
in the world. The Association's goals are to further the work of scientists, facilitate 
cooperation among them, foster scientific freedom and responsibility, improve the 
effectiveness of science in the promotion of human welfare, advance education in 
science, and increase public understanding and appreciation of the importance and 
promise of the methods of science in human progress. 


Project 2061 is a long-term initiative of AAAS to reform K-12 education in natural 
and social science, mathematics, and technology. Begun in 1985, Project 2061 is 
developing a comprehensive set of science education reform tools to help educators 
make science literacy a reality for all American students. With the publication in 
1989 of Science for All Americans, Project 2061 defined science literacy in terms of 
the knowledge and skills that all high school graduates need. To provide more 
specific guidance on how students should progress toward science literacy, 
Benchmarks for Science Literacy (1993) describes what students should know and be 
able to do in science, mathematics, and technology by the end of grades 2, 5, 8, 
and 12. In 1997, the project published Resources for Science Literacy: Professional 
Development, a CD-ROM tool designed to provide educators with a better under- 
standing of science literacy so they can help their students work toward it. Project 
2061 continues to develop a variety of print and electronic tools and provides 
workshops and other professional development services to educators nationwide. 


The AAAS wishes to express its gratitude to the following for their generous 
support of Project 2061: 


Carnegie Corporation of New York 
John D. and Catherine T. MacArthur Foundation 
Andrew W. Mellon Foundation 
Robert N. Noyce Foundation 
The Pew Charitable Trusts 
National Science Foundation 


U.S. Department of Education 


Preface 


As Science for All Americans neared completion, questions of implemen- 
tation came into view, and the need for Project 2061 to have a better 
understanding of the education system became more and more apparent. 
To that end, the project arbitrarily—but with lots of advice—identified 
a dozen key parts of the education system and then sought the help of 
experts in describing those parts and their interactions. The result of 
all of this was Blueprints for Reform. 

Systemic reform in education can, it would seem, be approached as a 
line of action and a line of thought. Most of what has been happening 
has been on the action side—bringing the right organizations, institu- 
tions, and agencies together in common cause to solve urgent problems. 
A sensible and necessary step. But the thought side is also important, 
though it has received less attention. This is perfectly understandable. 
We know, after all, that reform will elude us unless we work in concert 
to find and carry out solutions, and we need to get on with it now; 
understanding seems less urgent. 

There is a give-and-take between action and understanding. Through 
their actions, reformers have increased our understanding of what reform 
might entail. But to be effective in the long-run, our actions need to be 
informed by an understanding of education as a system. For that 
Project 2061 has found B/ueprints useful and think it might be similarly 
useful for our colleagues who are engaged in and thinking about sys- 
temic reform in science, mathematics, and technology education. 

This is at best, however, only a first step toward that understanding. 
Blueprints is on the Project 2061 Web site where it will serve as a focus 
of a national discussion on systemic issues in education. Hopefully, that 
will in time lead to deeper insights all around and hence contribute to 
enduring systemic reform. 


F. James RUTHERFORD 
Director, Project 2061 
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lntroduction 


SYSTEM IS AN IDEA that helps us think about parts and wholes. It draws 
our attention to the interactions of the parts of something with one 
another and to the relation of the parts to the whole. The idea also 
emphasizes effects—what influences the behavior of something and 
what, in turn, that thing accomplishes. Blueprints for Reform was created 
on the premise that it is useful to think of education as a system. More 
particularly, it grew out of Project 2061’s conviction that serious efforts 
to achieve the science literacy goals in Science for All Americans ought 
to be based on an understanding of education as a system. 

Project 2061’s approach to reform is national and systemic. We define 
the educational system to include more than students, teachers, and 
school administrators. The organizational structures where these people 
work and the laws and policies that affect them must also be included in 
systemic change. Further, business leaders, textbook and test publishers, 
academic and industrial scientists, and many others must be involved if 
change is to take place at the necessary scale and depth to make science 


literacy a reality. 


THE IDEA FOR BLUEPRINTS 


If a system is a collection of interrelated parts (objects, materials, pheno- 
mena, processes, ideas, principles, rules, organizations, people) that inter- 
act to form a distinguishable whole, what are the parts that make up a 
K-12 educational system? Because what constitutes a system is a matter 
of definition and varies according to purpose, the questions for Project 
2061 became: What are the components of the education system that 
matter most in thinking about the attainment of science literacy by all 
K-12 graduates? What changes in them are desirable or possible? What 
are the system's boundaries? Do the constituent parts of the system inter- 
act in ways that need to be taken into account? 
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After extensive consultation with educators, scientists, policy makers, 
and funders, Project 2061 concluded that for its purposes it should 
examine these twelve aspects (listed alphabetically here) of the K-12 
education system. To frame the issues for each of these components, we 
asked ourselves the following questions: 


Assessment. Is the kind of learning recommended in Science for All 
Americans (SFAA) helped or hindered by current assessment practices— 
from in-class assessment during instruction, to program evaluation by 
schools, to monitoring education progress at state and national levels? 
Can new techniques really make a difference? If so, what will it take 

to change current approaches? 


Business and Industry. In what ways do partnerships between business 
and education contribute to the attainment of science literacy? Can they 
be made more effective? Does the emphasis on workforce preparation 
by business and industry work for or against the goals of SEAA? 


Curriculum Connections. Are there significant examples in today’s 
schools of productive linkages among the natural sciences, mathematics, 
and technology? Between science, mathematics, and technology and the 
arts and humanities? Should there be more? How can such connections 
be fostered? 


Equity. Which policies and practices impede the attainment of science 
literacy by all students and which foster it? What changes are desirable 
and possible? How should “all” be defined? 


Family and Community. How are families and communities likely to 
respond to the recommendations in SE4A? What roles should family 
and community play in endorsing, supporting, or implementing the 
Benchmarks recommendations? Can family participation in science lit- 
eracy be made more inclusive? Who speaks for a community? 


Finance. What are the implications of Project 2061 reform recommen- 
dations for the allocation of money and other resources? Specifically, 
what are the costs of the equity-based idea of science literacy for all? 
What is the current financial base for education and the potential 


availability of resources for reform? Can schools be changed without 
incurring greater costs? 
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Higher Education. What changes in admissions standards, if any, will 
be necessary to respond to the reforms advocated by Project 2061? 
How should undergraduate education—from community colleges to 
research universities—build on the science literacy goals of Science for 
All Americans, especially for college students who might decide to 
become teachers? How can higher education faculty become more active 
partners in science education reform? 


Materials and Technology. What new resources are needed for teachers 
to help students become science literate? How can existing resources 
be put to better use? What mechanisms are needed in assisting educators 
to identify, adapt, and improve materials so that they effectively target 
national science standards and the learning goals in Benchmarks for 
Science Literacy? How can this be done in a cost effective and timely 
way, avoiding “experimentation” on students? 


Policy. Do current local, state, and federal education policies help or 
hinder the realization of Project 2061's science literacy goals? What 
changes in the laws and regulations that govern schools are needed and 
possible? How much would such changes cost, in dollars and politically? 


Research. What kinds of research are likely to produce the knowledge 
needed to make science literacy a reality? What incentives would induce 
such research to be done? How can the findings of systematic research be 
reviewed, formulated, and disseminated to influence K-12 educational 
policies, teaching practices, materials development, and curriculum 
design more effectively than in the past? 


School Organization. What will the realization of Project 2061’s goals 
require of grade structure, teacher collaboration, control of curriculum 
materials and assessment, and how time and space in school are orga- 
nized? What alternatives for school organization might better fit the 
reform directions set out in Science for All Americans? 


Teacher E-ducation. What promising innovations already are underway in 
the preparation of elementary and high school teachers of science, math- 
ematics, and technology? What changes are needed in teacher prepa- 
ration to produce teachers with the knowledge and skills necessary to 
implement curricula based on Project 2061 goals and principles? How 
much can be accomplished in preparation and how much must be part 
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of career-long development? How can in-service education for teachers 
be made more coherent and effective? 

Notice that there are some things missing from the above list that 
one might reasonably expect to find there. Learning goals have no 
blueprint because they are defined in Science for All Americans and 
Benchmarks for Science Literacy. They are ends for which the education 
system is the means. Similarly, although curriculum issues are embedded 
in several B/weprints chapters, curriculum has no separate blueprint 
because it is the central subject of Project 2061’s forthcoming Designs 
for Science Literacy. Even though they are not a subject of a blueprint, 
students are the focus of all our work and their presence is felt in all of 
the components, especially assessment, equity, family and community, 
and research. And, finally, teaching has no separate treatment because 
the key issues concerning teaching cut across several components, 
including teacher education, higher education, school organization, 
materials and technology, assessment, and research. 


HOW BLUEPRINTS WAS DEVELOPED 


The development of both Blueprints for Reform and Blueprints On- 
Line has had input from many people.’ Future efforts to improve and 
refine Blueprints will require similar work and help. 

Teams of experts from around the country were commissioned to 
write reports for Project 2061 on each of the twelve topics described 
earlier. The authors were asked to keep in mind that the project's 
interest in this was more practical than scholarly, for it wanted to 
acquire whatever insights about the educational system as a system 
that would help it shape an effective reform strategy. In addition to 
Science for All Americans, drafts of Benchmarks for Science Literacy and 
other Project 2061 documents were furnished the authors. 

The authors met as a group with the project staff (including represen- 
tatives of the six Project 2061 School-District Centers that have worked 
with the project for the past several years) to learn more about Project 
2061, share ideas with one another, and identify possible interactions 
among topics. After responding to external reviews of their drafts 
arranged by the project, the authors submitted their reports. Summaries 


’ See the acknowledgements section for the names of the persons who wrote reports, reviewed 
drafts, wrote summaries, and assisted Project 2061 staff in preparing the current chapters. 
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of the full reports were written by outside consultants so that the project 
staff could more readily study them as a set. 

Guided by external reviews of the summaries and recommendations 
from three meetings of experts, the staff prepared the versions of the 
summaries that now appear on-line and in this print volume. These were 
written to serve the needs of state and school level reformers more than 
those of specialists, although experts in one field may find chapters 
outside their specialty enlightening. And to provide concrete examples 
of how some of the Blueprints recommendations are being carried out, 
Project 2061 has developed a database of bibliographies, exemplary 


projects, and science- and education-related organizations and agencies. 


BLUEPRINTS ON-LINE 


Even though the original reports and their summaries were prepared 
for internal use by Project 2061, several considerations led to the deci- 
sion to make them available on-line. Colleagues have urged the project 
to share this work with them, and this seemed like a cost-effective way 
to do so. Another is that as the work progressed it became evident that 
the chapters, regardless of their depth or completeness, would stimulate 
productive discussions of systemic issues in science education reform. 
What better way to involve more educators in such discussions than by 
using the Blueprints chapters as the focus of on-line exchanges? 

A third consideration is that the blueprint job is not over. Recall 
that the idea was to look at the pursuit of the goals expressed in 
Science for All Americans from the perspective of the education system 
as a system. That means taking interactions of the entire system’s com- 
ponents into account, not being satisfied with twelve or any other 
number of individual aspects considered one at a time. It is one thing 
to identify issues in diverse parts of a complex system, another to 
describe relationships among them, and still another to develop direc- 
tions and plans for action. The current state of Blueprints (although 
named for action planning) has, so far, provided a competent summary 
of some important issues and a few indications of prominent connec- 
tions. The important activity of developing useful “blueprints” for tak- 
ing action is still to be done, with the help of on-line contributors. 

This is where Blueprints On-Line becomes a challenge. Is it possible 
that together we can somehow come up with a way of thinking about 
the education system that will break new ground, that is integrative, 
yet builds on a deep understanding of the individual components of 


XVI BLUEPRINTS FOR REFORM 


aE 


the system? We believe that it can happen if enough of us can dig 
more deeply into the possibilities. 

Twelve topics are far too many to consider simultaneously. Fewer 
topics and a context would help. To that end, the twelve chapters were 
divided into three groups. The chapters in each group have at least a sur- 
face relationship, although other groupings might also be valid. The 
groupings are: 

The Foundation: Equity, Policy, Finance, and Research. 

The School Context: School Organization, Curriculum Connections, 

Materials and Technology, and Assessment. 

The Support Structure: Teacher Education, Higher Education, 

Family and Community, and Business and Industry. 

The intent here is not to create a taxonomy but to focus the discussion 
fruitfully. In short, we invite you to work with us in an effort to devel- 
op a more coherent and integrated view of the education system as a sys- 
tem than now exists. Our joint purpose can be to create a blueprint for 
reform that will help all of us to be more effective in fostering science 
literacy. The reports and summaries submitted to Project 2061 and the 
resulting chapters presented both in print and on-line are a good starting 
place. As a next step, we would like you to help us move beyond them. 


HOW YOU CAN PARTICIPATE 


There are several ways interested educators, parents, community and 
business leaders, legislators, and others can respond to this challenge. 
These include the following: 

1. Answer the monthly Project 2061 Blueprints Survey on our Web site 
(http://project2061.aaas.org/). This survey will focus on selected chap- 
ters or topics rather than on the whole collection of chapters. The 
results will be summarized and reported at the same on-line location. 
2. Join on-line conferences and discussions about Blueprints topics. 
These will be announced well in advance to provide an opportunity 
for the kind of intense sharing of ideas that can benefit the partici- 
pants as well as Project 2061. 

3. Send email (blueprints@aaas.org) asking questions, expressing your 
reactions, and giving suggestions. 

4. Help Project 2061 expand and update Blueprints’ resources and 
bibliographies by sending information on relevant programs, projects, 
reports, and research studies. 


INTRODUCTION XVII 


Here are some questions that Project 2061 would like responses on, 
though you can react to any aspects of the material. The questions in 
the first list refer to each of the chapters, in the second list to the 
entire collection. With regard to each of the individual chapters: 

1. Is the information up-to-date and accurate? 

2. Are the issues addressed truly important? 

3. Are significant issues missing? 

4. Is there support in practice or research for the claims that are made? 
5. Do the conclusions reached follow from the evidence given? 

6. Are there important alternative points of view, arguments, or inter- 
pretations? 

7, What additional key references to the literature, projects, and resources 
are needed? 


With respect to the entire collection: 

1. Are the twelve chapters sufficient for characterizing the education 
system as a system? What chapters, if any, should be added? 
Eliminated? 

2. Is it helpful to sort the chapters into groups? Is there a better way to 
group them? 

3. How might the chapters be modified to emphasize their interrelations? 
4. Are there some themes that could be used to bring greater coherence 
to the collection? 


na 


CuarRLes SHEELER, The Open Door, 1932. 


PARTI 
The Foundation 


‘THERE ARE MANY REASONS why making policy and financial decisions 
to foster equity in science education is difficult. The skill that diverse 
constituencies have in influencing federal, state, and local policy makers 
is one, and the lack of agreement on what constitutes equity is another. 
In the long run, making good policy decisions about equity is hard 
because the needed data and research on what works are limited. 
Despite these difficulties, Project 2061 remains committed to the idea 
of science literacy for all students and to setting standards and expec- 
tations to work toward this goal. Examples of successful programs 
provide plenty of reason to believe that the goal is possible, given the 
will and necessary resources. 

It sometimes seems as though policy and finance are as inseparable 
as light and shadow. Policies usually have financial consequences, and 
financial resources generally influence, if not determine, policy. A 
school board policy decision, based on sound educational principles, to 
decrease the student/teacher ratio, lengthen the school year, or increase 
the number of after-school activities will add substantial costs to the 
annual budget. The same board, under the threat of a large budget 
deficit might, for sound financial reasons, increase the student/teacher 
ratio, shorten the school year, or decrease the number of after-school 
student activities. 

To be sure, in practice the intertwining of policy and finance is not 
a simple matter. It is not always evident, for example, what the dollar 


cost of an educational policy decision will turn out to be nor what the 
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educational cost of a budget decision will turn out to be. One thing we 
can be certain of, however, is that rarely will policy or financial deci- 
sions have the same impact on all students. Educational equity may be 
a great rallying cry in the United States, but it is far from having been 
achieved. Whether science for a// Americans can become a reality any 
time soon depends on how thoughtfully policy and financial decisions 
are made in the years ahead—a daunting prospect in the face of the 
political pluralism and dispersed decision-making that characterizes 
our education system. 

Systematic research in education of the right kind and quality is 
needed to inform education policies and practices. The case for thinking 
of research as a foundation for every aspect of education may rest more 
on optimistic hopes for the future than on incontrovertible evidence 
from the past. The current picture of research with its successes, failures, 
impediments and opportunities is notable for the absence of a clearly 
articulated research agenda built around the idea of science literacy. An 
important characteristic of such an agenda is that it should be inter- 
disciplinary—not only in content but in research methodology. As a 
relatively new scholarly area, education research is only beginning to be 
productive in informing practitioners. The increasing use of qualitative 
methods may provide improved congruence between research and the 
classroom. Nevertheless, finding effective ways to bring researchers and 
teachers into closer and more active relationships remains a challenge 
for the future. 

For the most part, the equity, policy, finance, and research chapters 
that follow do not explicitly address the interdependencies among them. 
Yet it is helpful to read them with an eye for implicit connections and 
for missed opportunities to put on the table. Some of the questions 
below bear on interconnections. The purpose of the questions is to 
prompt a conversation that will lead to a better understanding of the 
issues treated in the chapters, not to suggest either praise or criticism 


of them. Some of the questions appear to be answered directly in the 
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chapters, and some not. In either case, we again urge you to raise your 
own questions as you peruse the chapters, then forward them for post- 


ing in the Blueprints News Room via blueprints@aaas.org. 
Equity 


1. Is it possible to reconcile a commitment to equity as equal opportunity 
with that of equity as equal outcomes? What measures of opportunity 
should be used? What measures of outcomes? What does research say 
about the relationship between opportunity and outcome? 

2. What characteristics of the American educational system are the 
greatest barriers to equal opportunity or outcome? Which of these are 
most amenable to improvement? 

3. Can science literacy for all be achieved given the current unequal 
distribution of financial resources? Would an equal distribution of 
resources be equitable? Are some kinds of resources more important 
than others in providing equal opportunity? 

4, Which groups of students are most in need of help in science and 
mathematics? Are their needs the same? Will the same instructional, 
support, and organizational policies serve them equally well? The same 
proportional investment? 

5. How can a common set of learning goals be achieved while honoring 
individual and cultural differences? Are new materials and teaching 
needed? How can we communicate and meet high expectations for all 


students? 
PoLicy 


1. How do such entreaties as “set high standards of learning for all 
students,” and “pay attention to individual, socioeconomic, and cultural 
differences,” translate into policy decisions? Is there sound research to 


guide the making of those decisions? 
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2. Because policy decisions are made at federal, state, local, school, and 
classroom levels, what possibilities are there for ending up with coherent 
policies rather than conflicting ones? 

3. If authority for making policy decisions is devolving from the federal 
government to state governments to school districts to individual schools, 
where does the responsibility rest for educational equity? What is the 
balance between the power of the purse and the power of the courts in 
shaping state and local policies that bear on educational equity? 

4. Because state licensing authorities, teacher education institutions, 
and school district policies (hiring, salary, professional development 
opportunities, and tenure) all influence teacher quality, what can be done 
to improve it? What would it cost, and who would bear the burden? 
Are there state or federal policies that could improve the distribution 
of highly qualified teachers with regard to urban and remote school 
districts? 

5. Are professional associations and unions effective in influencing edu- 
cation policy? If so, does that influence tend to foster or impede reform? 


In particular, are these organizations a force for educational equity? 


FINANCE 


1. What are the financial costs of adopting policies that place a top 
priority on having all students become science literate? What effect 
will such policies have on students who may be headed for careers in 
science and science-related fields? What research is needed to answer 
such questions? 

2. If it matters more how moncy is spent for science and mathematics 
education (or any other disciplines) than how much is spent, what 
research-based principles are there to guide how best to spend whatev- 
er money is available? What basis is there for deciding what the 


threshold of investment is? 


3. Is financing of reform an added cost or is it only a matter of reallocat- 
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ing existing funds? What knowledge is there to guide decisions on 
how to distribute reform costs among such things as retraining teachers, 
providing better materials for instruction, upgrading technologies, rea- 
ligning organizational structures, and other components of the system? 
4. In what ways do the funding policies of federal and state agencies 
and philanthropic foundations shape—or try to shape—educational 
reform? How could funding polices be changed to become more effec- 
tive? Is coordination among funders of reform desirable? Possible? 

5. Does it take financial incentives to get states and school districts to 
adopt voluntary standards? How costly would such incentives be and 
who would foot the bill? What other incentives are likely to prompt a 


response from states and schools? 


RESEARCH 


1. Given the total cost of the educational enterprise in the United 
States, what dollar investment should the nation make in research? 
What should be the balance of investment between research focusing 
on learning and research focusing on policy issues? Research to devel- 
op a knowledge base and research to help solve urgent problems? 
Research to inform instructional, policy, and financial decisions and 
research to determine the effects of those decisions? 

2. What policies might lead to an educational research enterprise that 
meets scientific standards, is less fragmented than the current one, and 
can be sustained long enough to yield useful knowledge? Is a research 
agenda needed at all, or is the search for systematic knowledge in edu- 
cation better served by a support policy that funds the most creative 
researchers regardless of their focus? 

3. How can research link standards-based reform efforts in a way that 
focuses on learning and policy questions about equity? Can such 
research produce knowledge that can be applied more generally? 


4. How can knowledge, once created, be used to influence educational 
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policies and practices? What training would teachers, materials devel- 
opers, administrators, and others who are part of the system of educa- 
tion need to be able to understand and apply research findings? 

5. How can educational research be focused on long-term visions that 
could enlist and energize the entire research community? How can 
research be structured to reveal how learning progresses from child- 
hood to adult literacy, and how understanding of important topics is 
developed? How can research be integrated so that knowledge about 
learning, teaching, instructional materials, and assessment are connected 


in ways that are useable by all educators? 


Lquity 


A CENTRAL PROBLEM for reformers is to make science understandable, 
accessible, and perhaps even enjoyable to all K-12 students. All students 
are expected to achieve some degree of literacy in reading and mathe- 
matics. In contrast, science has been viewed as the province of a privi- 
leged few. Even today, there are opinions that most people can, at best, 
learn about science, rather than how to do science (Shamos, 1996). 

This chapter explores the implications of science education for various 
groups of students who presently are underrepresented in science classes 
and science-related careers, do not achieve highly in science, have diffi- 
culty getting access to appropriate learning environments for science, or 
may not match current stereotypes of students who are interested in 
science. In addition, the chapter considers the needs of students from 
groups who have traditionally done well in the sciences in the United 
States and attempts to assess how science reform might affect them. 

The chapter’s purpose is threefold: to describe, discuss, and ana- 
lyze equity in K-12 science education in American schools; to predict 
how reform might impact current barriers to equity and how, in turn, 
barriers to equity might affect efforts in science reform; and to make 
recommendations for both short- and long-term planning that will 
help science education reform achieve its aim, namely science literacy 
for all Americans. 


THE CURRENT STATUS: DEMOGRAPHICS 
AND TRENDS IN SCIENCE EDUCATION 


Although Americans are committed to the principles of fairness, equality 
of opportunity, and justice that are at the heart of democracy, that 


The data in this chapter are from Indicators of Science and Mathematics Education 1995 (National 
Science Foundation, 1996), 1995 Digest of Educational Statistics (National Center for Education 
Statistics, 1995), and The Condition of Education 1996 (U.S. Department of Education, 1996). 
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commitment exists alongside clear evidence that some groups of 
Americans are more likely to participate and be successful in science 
than others. To put it bluntly, discrimination is alive and well in edu- 
cation, despite the best intentions. Although this chapter provides 
examples of problems (stereotyping, lack of resources, etc.) specific to 
one group or another, most of these examples represent more general 
issues that need to be addressed in order to achieve equity in science 
education. Groups do differ and, moreover, individuals within groups 
may not fit the group pattern. However, similar problems and possible 
solutions often apply to many different groups. 


Gender. There is ample evidence that females are less likely than males 
to study and to enter occupations related to applied mathematics, physical 
science, and engineering. These gender differences become noticeable in 
high school and are clearly apparent during the college years. For exam- 
ple, although the percentages of bachelor's degrees awarded to women 
in engineering and physics have increased over the last decade, women 
are still significantly underrepresented in these fields. Social forces and 
personal beliefs play major roles in perpetuating these disparities. 


Black Americans. Over the last ten years, Black American students, as 
well as Hispanic and American Indian students, have had greater 
increases in science and mathematics achievement scores than White 
and Asian students. However, the increases have been small, and a sig- 
nificant gap remains between the groups. 


Hispanic Americans. The term “Hispanic” includes a variety of peoples 
of Spanish-speaking heritage, ranging from Mexican Americans who 
have lived in the United States for generations and may speak only 
English, to refugees recently arrived from countries such as El Salvador 
who may speak no English and may have had little exposure to formal 
schooling. Hispanics are the fastest growing group in the United States. 
In the last decade, although there has been some growth in the number 


The chapter uses the terminology of the federal government in referring to the many ethnic 
groups. For example, the term “Black Americans” is the inclusive category rather than 
“African Americans” because many Caribbeans and Africans identify themselves according 
to their country of origin, and the term “Hispanics” includes the many different origin coun- 
tries and cultures. Nevertheless, we recognize that it is important to refer to individuals and 
groups according to their own wishes, rather than imposing labels. The terms used here are 


for convenience, and not an attempt to lump groups together who have important individual 
characteristics. 


EQUITY 9 


Seventeen-Year-Olds at or Above Basic Math Proficiency 
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Percentage 
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(Report No. 24-TRO1), Washington, D.C: National Center for Bdection Statistic. 
of undergraduate degrees awarded to Hispanics in science, mathematics, 
and engineering, their proportion relative to other groups has remained 
unchanged, and they continue to be seriously underrepresented in 
science-related fields. 


American Indians/Alaskan Natives. Although American Indians and 
Alaskan Natives account for only 1% of the U.S. population, they 
include more than 500 tribes and 200 languages. The high school 
drop-out rate for American Indians/Alaskan Natives is higher than for 
any other group. Their rates of poverty and severe health problems 
(alcoholism, suicide, and accidents) are among the highest in the country. 
American Indians score significantly lower than Whites and Asian 
Americans but higher than Black Americans and Hispanics on most 
achievement measures of science and mathematics in grades K-12. 
Only a small percentage of American Indians and Alaskan Natives go 


on to receive undergraduate degrees 
Bachelor’s Degrees Awarded in science fields. 
in Science and Engineering in 1991 


Number Percent sian Americans. Asian Americans 
wine 403;532 82.7 have been described as a “model 
Black on) 63 minority” for their academic perfor- 
Hispanic 17,021 4.6 mance in general and have been 
Asian 21,628 5.9 stereotyped as “math or science 
Native American 1,594 0.4 whizzes” in particular. But as is the 


Source: National Science Foundation (1996). Indicators CASE with many groups, the use of an 
qi ‘science and mathematics education 1995. Arlington, ‘ te , 
‘A: Author. encompassing term, such as “Asian 
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Americans,” masks the fact that the group includes substantially different 
subgroups, such as Filipino, Chinese, Korean, Japanese, Southeast Asian, 
Pacific Islander, South Asian and other Asian ethnic subgroups. There 
are significant differences among these groups in mathematics and sci- 
ence performance. The achievement of second and third generation 
Asian American students is much the same as Whites. The 1990 U.S. 
Census data indicate that Asian Americans account for about 3% of 
the overall U.S. labor force, but make up about 7% of natural scientists 
and engineers, and are as highly represented in these professions as their 
White counterparts. 


Students with Disabilities. The term “disability” includes the following 
categories: learning disabilities; speech/language impairments; mental 
retardation; serious emotional disturbance; and hearing, visual, ortho- 
pedic, and other health impairments (including 
Currently, about attention-deficit disorders, disabilities related 
12% of. ee to parental drug abuse, and disabilities acquired 
through trauma or illness). Currently, about 
school children 12% of American school children have an 
ee or por ifie a identified disability—which translates into 
nearly five million students. That number is 
aisability—which growing as identification processes develop. 
Students with disabilities are frequently divided 
into two larger categories that can overlap. 
five milion students. One group—about 1%—consists of individuals 
with physical impairments (for instance ortho- 
pedic, visual, or hearing disabilities). The remaining 99% of students 
with disabilities are those who manifest cognitive, social-personal, or 
intellectual difficulties that affect their ability to perform in regular 
classrooms. 

All students with disabilities do have potential in science. A major 
obstacle to their achievement is the tendency of educators and the public 
to believe that persons with disabilities lack intelligence. For example, 
persons with disabilities who do not express themselves well are assumed 
to be unable to understand and do science. Future technological advances 
and other accommodations are likely to improve the academic perfor- 
mance of children identified with disabilities. Currently, however, 50 to 
60% of students with disabilities fail in one or more subjects, and their 
relative performance in science and mathematics is lower than in other 
subjects. These results are also reflected in lower SAT scores and other 


translates into nearly 
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achievement measures. The gaps are not insurmountable, however, 
because about 8% of all undergraduates report having disabilities. While 
there are wide disparities in kind and extent of disability that may or 
may not affect academic achievement, it is clear that many students with 
disabilities are able to excel in school and go on to higher education. 


English-Language Learners. A category that cuts across gender, ethnici- 
ty, and disabling conditions is “proficiency in English.” The nearly six 
million children who are learning to speak English face challenges when 
they make the transition from the English as a Second Language 
(ESL) or bilingual classroom into the mainstream and cope with the 
demands of academic English. Nearly 75% of Hispanic and Asian chil- 
dren come from homes where a non-English language is spoken. For 
many Asian languages, few teachers are available for bilingual classes. 
And very few teachers can both speak the languages of American 
Indian/Alaskan Native children and teach science. Thus, bilingual 
students encounter particular difficulties in science courses. 

The advantages of being bilingual in today’s world are often over- 
looked when English-language learners are considered. Rather than 
repeating earlier mistakes of extinguishing first languages in favor of 
English, schools can provide opportunities for students to build on the 
advantage of speaking more than one language. The ability to speak 
English and a second language, combined with strong skills in mathe- 
matics and science, will provide unlimited opportunities—a fact that 
should be made more clear to English-language learners as they work 
to succeed in school. 


Class/Socioeconomic Status. Ethnic groupings and operational definitions 
such as “students with disabilities” reflect only some aspects of what a 
student brings to the science classroom. Gender, socioeconomic status, 
geographic location, and proficiency in English language all interact 
with and have an impact on both the student’s performance and the 
school’s expectations of that student. Of these variables, socioeconomic 
status (SES) may be the single most powerful factor in determining who 
succeeds in American schools. Research suggests, for example, that 
only 12% of boys born in the bottom quarter of income rose as adults 
to the top quarter, while 69% remained in the lower half (Kahlenberg, 
1995). This stubborn intransigence is echoed in other areas of achieve- 
ment and progress, resulting in persistent gaps among various groups in 
mathematics and science education. 
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When considering group differences in science achievement, three 
points are central: 

mw It is important to avoid confounding race with class. A dispro- 
portionate number of Black, Hispanic, and American Indian/Alaskan 
Native students are from low SES backgrounds. 

aw A distinction must be made between the student’s home back- 
ground and the socioeconomic character of the school itself, because 
resources are not distributed equally across schools of different types. 

m Achievement levels of students are limited by the level and types 
of courses available—students cannot learn what is not taught. 

For students with disabilities and students of color, many of these 
factors collide. Low SES schools place twice as many students in 
learning disability classes as high SES schools. They also have more 
Black American students in low math tracks, special education, and 
classes for students with mental retardation. 


NEEDED CHANGES: 
IMPLEMENTING SCIENCE REFORM 


SociaLt Forces AFFECTING SCHOOLING 

There is a gap between the public’s support for principles of equality 
and its support for policies designed to help bring equality about. 
Complicating this issue is the long-held American commitment to the 
notion of rugged individualism—the expectation that anyone, no matter 
how dire the circumstances, can bootstrap his or her way to success. 
Although group-level barriers are acknowledged, many Americans 
endorse the idea that such barriers can and should be overcome by 
individual efforts. 

Consequently, if individuals do not seem to “take opportunities,” their 
failure to achieve may be seen as their “fault.” They may be viewed as not 
trying hard enough or as not having what it takes to succeed. This atti- 
tude plays itself out in science education. For instance, there is a well- 
documented tendency for Black, Hispanic, and American Indian students 
to take fewer courses in science and mathematics; Whites and Asian 
Americans take more (National Science Foundation [NSF],1996). 
Awareness of this problem has grown along with the commitment to the 
need for science for all and the recognition of the importance of gateway 
courses such as algebra and chemistry for future academic success. 

Social attitudes, stereotyping, and discrimination are root causes of 
most inequities in science. It would seem difficult, if not impossible, to 


remedy underachievement and underrepresentation through reforms as 
long as such beliefs are at the core of what to do about “the equity issue.” 
Instead, a very different way of thinking about and implementing 
reform may be needed. 

For the moment, assume that the basic premises of the reform 
movement in the sciences are correct—that the curriculum, as currently 
constituted, is full of disconnected facts, organized in ways that interfere 
with how people learn and that it is focused on out-of-date knowledge 
that has little relevance to participatory democracy and everyday life, 
including spheres of work. Assume that instruction repeatedly covers the 
same low-level content and provides students with few (or no) oppor- 
tunities to make sense of what they are encountering. Any reasonable 
person might disengage from the activities that are so offensive—not 
read the materials, not participate in class activities, ignore the teacher, 
talk to others, and undertake more meaningful activities. Not surpris- 
ingly, if tests were given, these individuals would perform badly. What 

is more, they might simply stop taking sci- 
Reform in science ence courses. 

If the above is a reasonable reaction to the 
inadequacies of school science, then the 
begin with those question is: Who, among students, is most 
ipo aie likely to behave in this way? The answer is 

precisely those groups who are underachieving 
resisted earher and underrepresented in science-related courses 

and careers—many low-income students, 
school-based efforts Hispanic, Black American, and American 
to learn sciences. Indian/ Alaskan Native students; persons with 

disabilities; some females; and some students 
with exceptional ability (these categories are not, of course, exclusive). 
Instead of being stereotyped as not possessing scientific knowledge, being 
apathetic, or being deficient in some other way, maybe these students 
have been reacting in an understandable manner to what the reform 
movement has recently realized. 

If the above analysis is even partly correct, it suggests at least three 
things. First, the discourse surrounding underachievement and under- 


education needs to 


representation needs to be expanded, if not changed entirely, because 
underachievement may be an early warning of the sad state of school 
science in general. Second, research needs to better address what fea- 
tures of a particular group might explain why these young people sense 
and react as they do. Third, reform in science education needs to begin 
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with those students who have resisted carlier school-based efforts to 
learn science. These students are likely to be the best judges of 
whether the reform efforts have it right: Does the curriculum allow for 
sense making? Is the curriculum connected to the world in ways that 
arc similar to the goals of scientific literacy? Does instruction really 
build on what students already know and understand? Is science a part 
of all students’ lives? 

If it is true that bias, stereotyping, and restriction of opportunity 
covertly or overtly influence who takes science courses, who succeeds in 
these courses, and who goes on to a career in a related area, then educa- 
tion designed to eliminate these negative forces ought to demonstrate 
very different results. Indeed, there is plenty of evidence that this is 
the case. For example, the extraordinary successes of women who grad- 
uate from all-female colleges and of Black Americans who graduate 
from historically Black colleges and universities are well-documented. 
The outstanding achievement of educators such as Jaime Escalante 
and Uri Treisman (1990) are proof that high expectations combined 
with strong content, mentoring, and attention to individual needs and 
cultures are effective. Casserly’s work (1980) with high-achieving females 
in science identified approaches that can be effective for all students: 
recruiting promising students, negating bias in course placement, pro- 
viding explicit encouragement in class by teachers, forming a critical 
mass of students, and forming nurturing social groups around academic 
science interests. 


Wor_p VIEW AND CULTURE 

Students enter school and encounter school science with experiences, 
knowledge, and beliefs that are part of their cultural heritage. Differences 
in cultural and world views are not limited to students who have recently 
arrived in the United States. For example, while teachers might explain 
scientifically the causes for hurricanes and tornadoes, students may hold 
on to alternative explanations for these phenomena rooted in religious 
beliefs or fairy tales. There is thus a lack of “cultural continuity” 
between the science taught in the schools and the beliefs that guide 
the lives of people. 

These observations on culture and world view have several implica- 
tions. Children’s cultures and backgrounds provide the starting point for 
learning science. For example, many students from other countries have 
an understanding of the metric system, and can offer ideas about scien- 
tific problems in other countries. Where scientific approaches to phe- 
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nomena conflict with students’ values, it is important that teachers better 
understand those conflicts and take steps to address them. Finally, it will 
be necessary for science education reformers to clarify their views on cul- 
tural pluralism and how it relates to the idea of science for all. 


ALLOCATION OF EpuCATIONAL RESOURCES 

There are vast differences in available resources across the country as 
one compares rural, urban, and suburban schools. School funding varies 
significantly across regions of the country and even within a state, 
affecting the resources (certified and qualified science teachers, profes- 
sional development opportunities, curriculum materials, supplies and 
lab equipment, and technology) available to K-12 science students. 
These differences in conditions are exacerbated in science education 
because it is highly resource-dependent. 
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Prepared by the Educational Testing Service. Washington, D.C.: Author. 

The costs of implementing science education reform will be sub- 
stantial. To the extent to which science education reform is dependent 
upon resources, opportunities to learn science—especially for low- 
income schools and students—will be further stratified unless some- 
thing dramatic is done. The situation is further compounded by the 
crisis in some urban schools, which are perceived as unsafe, unsound, 
and locked into permanent decline. Changing science education in 
some urban schools, even when money is available, may prove difficult 
to impossible because the structure of urban school systems allows 
them to swallow reforms and resources, simply incorporating them 
into the ineffective status quo. With a few exceptions such as the 
Coalition of Essential Schools, James Comer’s schools, and the Accel- 
erated Schools program, the restructuring of urban education has 
proven thus far almost totally resistant to remedy. These programs 
seem to produce positive changes on a school-by-school basis, rather 
than by system-wide change (see B/ueprints’ Resources for descriptions 


of these programs). 
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INSTRUCTIONAL MATERIALS AND TECHNOLOGY 

It is fair to say that no one knows what it will cost to outfit a school to 
teach reformed science. The costs will vary dramatically depending upon 
the extant resources within a given school. The argument has been made 
that, in order to produce equitable outcomes in science across groups, 
it may be necessary to have unequal inputs for some students—more 
resources for underrepresented or low-income students. While this 
may be true, one would be pleased if, initially, all schools were simply 
provided the same resources as affluent schools currently have. 


r 


Money Matters If You Spend It Right 

In 1989, as part of a court-ordered desegregation case in Austin, Texas, 16 
elementary schools were given $300,000 per year for five years to improve 
achievement. At the end of the five years, two of the schools, Zavala and 
Ortega Elementary, were among the city’s highest in attendance and 
achievement; the others showed no improvement. Both schools continued 
to draw students from the city’s poorest neighborhoods, but somehow they 
achieved something extraordinary. The money made a major difference 
because of the way it was spent. 

In 14 of the schools, the money was spent to reduce class size, but lit- 
tle was done to change what happened inside the classes. As one admin- 
istrator put it, “...they had 10 students in class, but...two rows of five 
students, and the teacher would still be sitting up there in the front of 
the room, and still using ditto sheets...” 

At Zavala and Ortega, class size was also reduced but as a part of a 
more comprehensive program. At the beginning of the year, the principal 
asked parents to read aloud the scores of the school’s students on the 
statewide test. After their initial anger subsided, parents and teachers 
decided to adopt the reading and math curriculum that the district used 

| only for gifted and talented children. Money was spent on professional 
development to help teachers learn the new curriculum and manage classes 
containing special-needs students. Health services were brought to the 
schools and parents became involved in the governance of the schools, 
including sitting on hiring and budget committees. 

The answer these two schools discovered was to focus on one goal 
rather than trying to attack all fronts simultaneously. Once the goal of 
higher standards for achievement was set, the other components became 
manageable and supported that vision. 


From Richard J. Murnane & Frank Levy, “Why Money Matters Sometimes,” Education Week, 
September 11, 1996. 
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A sound understanding of the principles of technology is essential 
to science literacy, and widespread use of computers in science class- 
rooms 1s important to learning. Yet many White and Hispanic girls have 
not had the same interest in computers as boys, and teachers have com- 
pounded the problem by viewing computers as a male technology with 
little meaning for the future careers of girls. In addition, the new CD- 
ROM technologies are marketed primarily for boys, and the preponder- 
ance of Internet users are male. There have been similar trends for Black 
Americans, whose use of home computers lags behind that of Whites 
and Asians. 


Use of Computers at Home for School Work 
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Source: National Center for Education Statistics. (1996). 1995 digest of educational statistics. Washington, D.C.: Author. 


SCHOOL ORGANIZATION 
Current empirical research on the role of tracking in science education 


is in short supply. There is some older research, however, from which 
these general conclusions are relevant to the discussion of equity in 
science education reform: students in lower track classes are dispropor- 
tionately more likely to be students of color (except Asian Americans), 
low-income students, and students with disabilities; they get fewer 
resources and experience science education very differently from students 
in higher track classes; and they achieve somewhat less well than their 
counterparts in heterogeneously grouped classes (Oakes, 1985). Vari- 
ations in the selection of gateway science and mathematics courses 
(chemistry, geometry, etc.) for underrepresented groups result in these 
students being locked out of upper level courses, limiting their oppor- 
tunities to pursue science, mathematics, and engineering careers. 

Many of these problems may be solved simply by eliminating tracking; 
something that many schools are beginning to do. Students who are 
ready and motivated to go beyond the thresholds set by Benchmarks for 
Science Literacy (American Association for the Advancement of 
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Science, 1993) and National Science Education Standards (National 
Research Council, 1996) seem to have much to gain and little to lose 
in a de-tracked arrangement, especially if school organization patterns 
loosen lock-step grading practices. New technologies hold promise for 
opening many opportunities for students who are ready for more 
advanced work. Moreover, because the benchmarks are organized in 
grade bands (K-2, 3-5, 6-8, 9-12) that successively build knowledge and 
skills, a student who masters the concepts in a given band early can 
proceed to the next band. Dissolution of traditional, rigid age/grade sci- 
ence holds promise also for students other than the high achievers— 
some students with disabilities would be served well if they were allowed 
to progress more slowly. 


SCIENCE CURRICULUM 

The science curriculum differentiation in schools reflects both desired 
student outcomes and perceived limitations of teachers’ and students’ 
potential for understanding science (Oakes, Gamoran, & Page, 1992). 
The curriculum represents the science knowledge that scientists, teachers, 
community leaders, business leaders, legislators, and parents deem 
worthy and accessible for students in schools today. Science curriculum 
is thus embedded in the culture and cannot be separated from its myths, 
customs, taboos, and history. Curriculum developers face the difficult 
challenge of taking into account multiple frames of reference and differ- 
ent ways of viewing the world. Benchmarks and Standards provide the 
basis for addressing these issues, leaving open to the local school district 
how to teach the curriculum and creating the opportunity to design 
instruction that is relevant to community needs and concerns. At the 
same time, mastery of the benchmarks and standards can assure that the 
children of the community have the kind of sound and broad, nonidio- 
syncratic grounding in science that will allow further participation at the 
college and university level. 

As new curriculum materials are developed, it is crucial that they not 
rely solely on print media that require expert reading ability. Children 
who are poor readers, English-language learners, and students with 
learning disabilities can learn science and demonstrate their under- 
standing of concepts only if they have opportunities to do so with curric- 
ula that are not totally dependent on reading and writing. One can only 
wonder how many children with disabilities are lost in an educational 
system that insists that they communicate their science understanding 
only via the written word. 
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SCIENCE TEACHER PREPARATION 

AND PROFESSIONAL DEVELOPMENT 

Apart from selecting better and more diverse teacher candidates, what 

can be done to better prepare teachers to teach science to all? A hand- 

ful of teacher education programs require that new teachers learn about 

teaching diverse students and specify a degree of familiarity with special 

education regulations. However, a survey of special education teachers 

revealed that (a) 42% received no training in science, (b) 38% of chil- 
dren in self-contained special education classes 

A survey revealed did not receive any instruction in science, and 


Hat 42% 0 (c) among special educators who did teach sci- 
; of ; ence, nearly half devoted less than 60 minutes a 

spectal education week to science, and nearly 60% depended 

Ave upon a textbook for science instruction 


3 (Patton, Polloway, & Cronin, 1986). 
no training Federal regulations mandate that all students 
be educated in regular classrooms unless it can 
be demonstrated that an alternative placement 
is necessary. School districts need professional 
development programs that provide teachers with the necessary support 
and training to help students with disabilities succeed in the regular 
classroom. Although there has been some progress in greater use of 
technology, little has been done to help general classroom teachers 
understand their responsibilities in meeting the needs of all students. 
Interventions such as creating and using adaptive materials, modifying 
lessons and strategies, modifying the laboratory environment to allow 
full participation, and adapting evaluation to students with disabilities 
are still perceived as responsibilities left for special educators. 

A similar situation exists for science instruction for English-language 
learners. ESL and bilingual education teachers may be required to teach 
science to English-language learners, but often have little knowledge of 
science content or pedagogy. On the other hand, science teachers who 
have English-language learners in their classrooms usually have no 
training in second language instruction. Moreover, students are often 
released from ESL or bilingual education programs and mainstreamed 
as soon as they learn basic interpersonal communication skills. But 
cognitive/academic language proficiency takes from five to seven years 
to develop even when students have some basic literacy skills in their 
first language (Cummins, 1980). This means that most children will 
experience a gap between entering the mainstream and achieving well 


In Sclence. 
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in traditional science. However, children taught context-rich, problem- 
based science in their first language can do excellent work as soon as 
they enter the mainstream (Fradd & Lee, 1995; Rosebery, Warren, & 
Conant, 1992). If teachers can connect science with students’ home 
languages and cultures, they can teach science to these students. The 
challenge is to figure out how to adapt such successes for the monolin- 
gual English teacher whose students have many different language 
backgrounds and varying proficiencies in English. There are, of course, 
some basic strategies such as simplifying oral and written language, 
grouping students so that they can discuss science with one another (if 
not the teacher), translating materials into students’ home languages, 
and coordinating instruction so that science and bilingual or ESL 
teachers are working together, rather than separately or at cross pur- 
poses. Additional research is needed to better understand these chal- 
lenges and how to meet them. 


ScIENCE TEACHING 

Even in America’s increasingly diverse science classrooms, students of 
color and females have difficulty finding role models that look like 
them. Schools need more teachers of color, more bilingual teachers, and 
teachers who can work with students with disabilities—and all of these 
teachers need to know science. But the issue is more than one of role 
models; it is a matter of finding teachers who understand the cultures 
and communities of their students (Banks, 1991). Successful teachers 
use knowledge and understanding of their students’ home cultures and 
backgrounds to structure the norms for classroom behavior and dis- 
course. For example, teachers should encourage students to communi- 
cate in the classroom following the rules that they learned at home for 
interacting with adults. 

Most teachers are, to a certain degree, sensitive to the cultural values 
of their students in setting expectations, leading to differential treatment 
of students. The dilemima is that it is difficult to know whether differen- 
tial treatment has positive or negative effects, because students may 
interpret the action as affirming or condescending. While it is possible 
to document patterns of differential treatment by gender and ethnicity, 
it is harder to know what to do about it. It is essential that schools hire 
and support teachers who not only are committed to science for all, but 
who are also willing to examine their teaching practice and to engage in 
professional development activities that support effective science teaching 
for students from all backgrounds. 
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; The most effective strategies for teaching 
The most effective science to diverse learners support students 
in constructing their own understanding in 
: ; activities that are hands-on and relevant to 
teaching science to their lives and cultures. Science educators 
should recognize that the success of hands- 
on, inquiry-based lessons is somewhat 
support students in dependent upon the prior experiences of the 
child, his or her readiness to make inductive 
leaps, and opportunities for students to reflect 
Own understanding. on their hands-on experiences. 

There is some, but not a great deal, of 
research on validated methods for teaching science to English-language 
learners. For preparing science teachers to teach English-language 
learners, Spurlin (1995) recommends the following activities: 

™@ Analyze written science materials for semantic, syntactic, and 
pragmatic problems. 

@ Adapt and simplify written materials. 

@ Teach demanding material in a hands-on context. 

@ Help students construct their own meaning. 

@ Observe English-language learners in schools, noting how they 
are treated and the kinds of instruction they receive. 

™@ Observe how language is used in instruction. 

@ Identify how teachers can bring in the backgrounds and cultural 
experiences of diverse learners into the science classroom. 

In addition, teachers can use promising methods to cut across all 
types of disabling conditions. These include hands-on instruction; dis- 
covery teaching; theme-based instruction; cooperative learning; and 
presenting science content in enriched and interesting settings. 


strategies ‘for 
diverse learners 


constructing their 


EQUITABLE SCIENCE CLASSROOMS 

Merely providing hands-on activities and group-work is insufficient for 
an equitable classroom environment. Rather, teachers must be vigilant 
and actively involved in creating classroom dynamics that allow all 
students to learn how to use equipment, operate computers, develop and 
test their ideas, and discuss observations and results. Girls participate 
more frequently and achieve better when teachers use noncompetitive 
teaching strategies, give extended examples of science in applied fields 
such as medicine, stress the creative components of mathematics and 
science, and provide extensive hands-on learning experiences. 
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Attention to equity issues should also be included during student 
teaching and in teacher evaluation systems within the school district. The 
kinds of changes in attitudes about gender and science that are necessary 
to achieve the goal of science literacy for all—for girls as well as boys, 
for students of all ethnic backgrounds, and for students with disabilities 
—require a major commitment of school district personnel. It seems 
somewhat incongruous to include a “soft” recommendation such as need- 
ing more “caring science teachers,” but it is one that must be made. 
Science education needs more science teachers who care about their stu- 
dents and who define their jobs as teaching science to all students. 


ASSESSMENT, EVALUATION, AND GRADING 

Although assessments are potentially dangerous and damaging when 
they are misused, they also present opportunities to better understand 
and improve science education for those who have been bypassed by 
science education in the past. Documents like the National Council of 
Teachers of Mathematics’ Assessment Standards (1993) and the National 
Research Council’s National Science Education Standards (1996) are to 
be lauded for their attention to the instructional uses of assessment, 
their emphasis on what students know and can do, and their explicit 
attention to equity. Yet educators should not fool themselves. Assess- 
ment has been used primarily to classify and to track students; to diag- 
nose what is wrong with their knowledge; and in general, to grant 
legitimacy to practices that constrain opportunity to learn. Educators 
need to be aware of the fine line between the traditional uses of 
assessment and the new uses envisioned by reformers. Schools are 
conservative and will be tempted to retrofit current practices to new 
assessments. For instance, there will be pressure to track students along 
the new lines of ability that are revealed through more authentic forms 
of assessment. Safeguards to prevent these sorts of actions have simply 
not been developed. 

There is a great deal of hope that changing assessment to more 
“authentic” forms will reduce the stubborn ethnic and gender gaps in 
mathematics and science achievement measures—that new assessments 
may be less dependent upon background knowledge, experiences, and 
reading skills and, therefore, less biased. Each of these assumptions 
requires more empirical exploration. The expectation that alternative 
assessments can be used to leverage improved curriculum and teaching is 
counteracted by fears that initial increases in student disparities will be 
used to legitimize draconian consequences for students of color. For 
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example, some fear that open-ended tasks will 
The development, be so culturally biased as to stack the deck 
against some children, or that programs to 
enhance educational opportunity will be 
scoring of open- improperly monitored or discontinued. 

The development, administration, and scor- 
ing of open-ended assessment tasks are ripe 
tasks are ripe for bias. for bias. For example, an early version of the 

California mathematics assessment contained 
an item on which a student from High School X believed that she was 
sure to be accepted to college because College A and College B each 
accept half of that school’s graduating class. The task was to explain 
what was wrong with this reasoning. Although the task called on math- 
ematical reasoning, it also was biased: half or more of the students who 
take the California assessments will not go on to college and as a result 
are unlikely to really care about this question. 

Written items may also contain subtle bias. For example, students 
who speak languages other than English may be able to do the tasks, 
but have difficulty writing their results in English. These students may 
need more time to fully develop and edit their responses than is avail- 
able for standardized tests. Many scoring rubrics purposefully confound 
written expression with science performance. This is partly because it 
is very difficult—some think it is impossible—to separate the two; 
some people cite substantive reasons for not separating them (Fradd & 
Larringa-McGee, 1994). The typical test-development strategy is to 
discard items that seem biased or fail to predict overall student perfor- 
mance. One alternative might be to develop multiple tasks that require 
similar kinds of competence but are set in different contexts. Students 
would be expected to select one or more items from a menu. Another 
strategy is to diversify the persons who write and develop assessments. 

Assessment results can and should be used to hold both students 
and schools accountable for learning and teaching science. As states 
have begun to publish school-level assessment results, schools have been 
able (and in some cases, encouraged) to exclude students. To affect 
their average test scores, schools may only administer the tests to those 
who will score adequately. Students with disabilities, English-language 
learners, and Black Americans from educationally needy environments 
may be asked not to attend school during testing days (Darling- 
Hammond, 1991; Lacelle-Peterson & Rivera, 1993). This is often done 
under the guise of not wishing to embarrass a student. But because 


administration, and 


ended assessment 
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these students are frequently taught science by the least qualified 
teachers (special education and ESL/bilingual education teachers with 
little background in science, or the weakest science teachers), one won- 
ders who is being saved from embarrassment. If the teacher doesn’t 
assess student progress in some meaningful way, how is he or she to 
know what the student is actually learning? In turn, how would one 
know if the curriculum is effective or suitable? States publish each 
school’s performance relative to other schools 
Assessments such that are similar in terms of student social class 
and other background variables. The reason for 
these practices is to hold schools accountable 
placement exams only for those things that they are believed to 
and the SAT open be able to affect. A student’s entering language 


proficiency, special needs, and social class are 
doors to students. among those things over which schools are 

assumed to have little control. Yet, practices that 
exclude low-performing student populations can result in inflation of a 
school’s apparent performance. 

Many students with disabilities are unable to demonstrate their true 
level of understanding and competency in science under traditional 
testing conditions. Using the same measures for students with disabilities 
as the non-disabled students with no adjustment in the conditions of 
testing or the reporting mechanisms could result in discouraging scores, 
rather than a valid assessment of what actually has been accomplished. 

Ironically, although some students have had opportunities to learn 
denied them due to assessments that assigned them to lower tracks and 
inferior instruction, it is also true that assessments such as advanced 
placement exams and the SAT open doors to students. Increasing 
numbers of females and students of color are taking these tests, using 
them to gain access to further education. 


as advanced 


Assessment can, in 
Number of Students Taking Advanced Placement Exams the long run, have other 


1987 1996 Percent Increase positive effects. Assess- 
White 175,556 345,189 96.6 ment reports might 
Black 8141 22,373 174.8 emphasize changes in 
Hispanic 9.632 45,021 367.4 test scores from baseline 
Asian 21,101 58,778 ~~: 176.6 data, rather than report- 
Native American 643 2,491 287.4 ing heterogeneous group 


; . 
Source: Published on the College Board’s World Wide Web site at adearecs disa eels 
http://www.collegeboard.orp/ data for students who are 
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learning English, have learning disabilities, or are receiving Title I funds 
(low-income children). These reports could assuage the community’s 
worries about whether all segments of the student population are pro- 
gressing and learning. Reports could also help target areas that need 
special attention. If school reform is spurred by assessment results, then 
it would be desirable to chart the science progress of students with 
disabilities, for instance, rather than ignoring these students in science 
assessment. 


STUDENTS, FAMILIES, AND COMMUNITIES: 

ATTRIBUTION THEORY 

Equity issues begin with the individual student, but each student is, in 
turn, the developing product of his or her entire community. In dis- 
cussing a student’s progress toward science literacy, as well as the unique 
skills, abilities, attitudes, and beliefs each child brings to the science 
classroom, we must equally consider the society, culture, community, 
and family that help to form that child’s constellation of individual 
characteristics. 

Among equity issues, gender and science education has recieved the 
greatest research attention in the past. Gender issues affect all ethnic 
groups and every socioeconomic stratum, albeit differentially. Lately, we 
have begun to see how generalizations about gender and science educa- 
tion that may be true for a White middle class population may operate 
differently for other ethnic groups or in various socioeconomic strata. 

Jacque Eccles and her colleagues at the University of Michigan have 
built and tested a model that explains how social forces act on young 
women’s decisions to study science. They have researched psychological 
and social factors influencing long- and short-range achievement goals 
and behaviors, such as career aspirations, vocational and avocational 
choices, course selections, persistence on difficult tasks, and allocation of 
effort across various achievement-related activities (Eccles, 1992). 

Drawing upon the theoretical and empirical work associated with 
decision-making, achievement theory, and attribution theory, Eccles and 
her colleagues have elaborated a model of achievement-related choices. 
This model links educational, vocational, and other achievement-related 
choices to two sets of beliefs: the individual’s expectations for success and 
the importance the individual attaches to the various options perceived to 
be available. The individual’s beliefs are formed by cultural norms, experi- 
ences, and aptitudes. The psychological processes underlying individual 
choice are socialized processes that grow out of years of experiences at 
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home, in one’s community, and at school. Consequently, society is just as 
responsible for disparities in these processes as it is responsible for 
inequities in the experiences provided at school. 

Young people of all abilities, ethnicities, and backgrounds will be less 
likely to participate in math and science if they express low confidence 
in their abilities to master mathematics and science and to succeed in 
careers requiring these skills; if they value success and participation in 
these fields less than they value success and participation in other fields, 
if they do not enjoy mathematics and science; and if they experience a 
nonsupportive environment for learning mathematics and science, either 
in school or at home. Therefore, it is particularly important to remedy 
these conditions for groups that are already underrepresented in math- 
ematics and science. 


RECOMMENDATIONS 


Equity issues are among society’s most challenging. They simultane- 
ously demand acknowledgment and response and foster resistance 
because no one is defined solely in terms of group membership, but 
rather as an individual who is complexly situated in terms of gender, 
ethnicity, social class, ability or disability, language and other attributes. 
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Science education reform can be characterized by the title work of 
Project 2061: Science for All Americans. The danger, of course, is that this 
credo can be diluted and weakened to the extent that it becomes just 
another slogan that people see as political rhetoric, virtually impossible to 
realize. Consequently, a first recommendation is that science education 
raise its profile regarding equity issues. 

m To begin, science educators and their professional organizations may 
wish to expand their contacts with and listen to educational agencies and 
organizations particularly concerned with equity issues. These include 
the Office of Bilingual Education and Minority Language Affairs, 
National Urban Coalition, Council for Exceptional Children, Quality 
Education for Minorities, Council of Great City Schools, Equity 2000 
(The College Board), American Indian Science and Engineering 
Society, and American Association of University Women. Science 
education reform philosophy and goals should be disseminated with and 
through these organizations, as well as through the professional science 
education groups that have been targeted in the past. 

m Second, science education organizations should begin to develop 
public relations materials that can be used by parent groups, PTAs, 
civic organizations, churches, businesses, and industry. Given the current 
political climate—cutbacks in educational budgets and existing funds 
being handled more and more at the state level—it will be important 
for science education reformers to leverage their guidance into state 
and civic efforts. In the face of federal budget cutbacks, it may be more 
important than ever for Project 2061, the National Research Council, 
the National Council of Teachers of Mathematics, and the National 
Science Teachers Association to show solidarity and congruence with 
regard to equity issues. 

m [he third recommendation is to expand research about diverse 
groups. Although a growing body of literature is emerging, the knowl- 
edge base about issues of diversity and equity is very limited at present. 
Project 2061’s approach to science education and its accompanying 
benchmarks hold a great deal of promise for educating those who have 
been bypassed by science in the past. Researchers are right to look for 
“landmarks” by which to navigate explorations around equity issues. 
Research that focuses on how all students can achieve benchmarks and 
standards in an equitable and fair way should be the central goal for 
science educators. 

m Science educators should carefully consider the unfortunate prospect 
of further stratification of opportunity that reform may engender. There 
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is some evidence that more affluent schools and districts are already well 
out in front of low-income schools and districts in implementing reform. 
Consequently, it will be important to target first those areas of greatest 
need. Inequity seems to begin at the level of state funding patterns. We 
recommend that science education organizations such as Project 2061 
and the National Research Council explore the creation of a science 
education equity instrument that might be used on the state, local school 
district, school, or classroom level to examine equity issues. 

mg Finally, science educators should honestly examine the current 
reward system in science education and ask if it could be replaced or 
adjusted to include equity goals. Teachers who have discovered success- 
ful methods for teaching science to all, schools that involve teams of 
educators working together to create innovative and effective science 
classrooms, and communities that promote and sponsor extracurricular 
science activities for students who otherwise would not have had the 
opportunity should be recognized and rewarded. Currently, the reward 
system seems geared to the accomplishments of the “academically talent- 
ed.” This recommendation to restructure rewards is not merely an exer- 
cise in building self-esteem, but an attempt to define science literacy in 
human terms. 

Science educators, including Project 2061, have set into motion a 
reform effort that promises to deliver something far greater than slogans. 
The steps toward implementing the standards and benchmarks that 
have been developed should more specifically address the equity goals 
that are so crucial to the vision of science for all. In the world of today, 
scientific literacy is not only for the privileged few. There is no longer 
an option of not providing equitable resources necessary for all students to 
meet ambitious standards. The survival of democracy depends on oppor- 
tunity for all, avoiding a drift toward “haves” and “have-nots,” which is the 
consequence if science for all is not achieved. Literacy in science is neces- 
sary for survival not only in the job market and in daily life, but as a way 
to join the mainstream society and enjoy the benefits and culture of the 
information age. 
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SCIENCE EDUCATION REFORMERS have identified three barriers to change 
in American classrooms: the state of science curricula, the state of 
teachers’ knowledge, and public awareness of the need for educational 
reform in science. Most current science curricula are designed to have 
students memorize a vast number of unrelated facts rather than having 
them explore in depth an integrated series of concepts and principles 
that cut across traditional disciplines and prepare them for a lifetime 
of learning. Most teachers have been trained in the former style of cur- 
riculum and therefore are often unprepared to implement the latter. 
The public is generally unaware of these issues and is less interested in 
science education than in reading and mathematics, for example. 

Like many curriculum reform efforts today, Project 2061 aims to 
solve these problems by creating a more student-centered, hands-on, and 
experiential way of learning science. In addition, Project 2061 strongly 
suggests that educators move away from the standardized science 
curriculum offered by widely used textbooks toward developing science 
education that is dynamic, flexible, and locally meaningful. Benchmarks 

for Science Literacy (Benchmarks) (American Association for the Advance- 
ment of Science [AAAS], 1993) creates a framework around which 
teachers, schools, and districts can design class work that will suit the 
unique needs of their individual students. 


CURRENT STATUS OF REFORM 


While the goals of current science and mathematics education reform 
are commendable, many of its essential aspects are not dissimilar to 
large-scale curriculum reform efforts undertaken between the 1950s 
and 1970s. These projects also saw curriculum and teacher training as 
key problems and searched for a more hands-on, student-centered 
approach to science instruction, all the while understanding that major 
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change was a gradual process that would require many years to imple- 
ment. Despite these laudable efforts and despite the investment of 
resources, expertise, and federal money (at least $117 million between 
1954 and 1975), little of the substance of these changes remained by 
the mid-1970s. Student learning once again focused primarily on the 
acquisition of computational skills, and students rarely engaged in 
activities that allowed for creativity and reflection. The key question for 
today’s science and mathematics education reformers clearly becomes, 


“Why did these efforts fail?” 
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The answers are surely multilayered, but reformers who wish to 
avoid the disappointing results of the earlier efforts must recognize 
two key points. First, the link between the school curriculum and the 
science practiced in laboratories and universities must be as close as 
possible so that research scientists, engineers, and other professionals 
in science-related disciplines can work together with K-12 teachers. 
Scientists cannot be expected to know all that one should know about 
teaching and instruction. Likewise, K-12 science teachers and curriculum 
developers cannot know all that one should know about the nature of 
research-based science. But the tighter this link, the better school and 
university science curriculum and instruction will be. 

Second, many teachers are unprepared to implement science educa- 
tion as envisioned by Benchmarks and the National Research Council’s 
1996 National Science Education Standards (Standards). Any reform 
effort will fail if teachers are poorly prepared to teach science. Most 
teachers have grown up learning science as a series of unrelated facts 
to be memorized and recalled, and they continued to learn science 
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that way in the science courses that were 
Elementary and required in teacher-education programs. In 
addition, elementary and secondary school 
teachers have little or no access to the kinds 
teachers have little or of professional networks common in the 
community of academic scientists and thus 
do not have regular access to conversation 
of; professional net- about what “real” science is. Some of the pro- 
jects in the 1970s recognized this deficiency 
and acknowledged the paramount impor- 
the community of tance of engaging teachers with scientists in 
the development of new curricula. Recent 
teacher enhancement projects, such as those 
sponsored by the National Science 
Foundation and the U.S. Department of Education, have also worked 
to develop professional networks, aided by the increasing availability 
of electronic communications in schools. However, when these pro- 
jects end, schools and universities often find it difficult to support 
continued funding for the activities. Teachers lose contact with the 
academic scientists they have worked with and are again left without a 
professional network to support their reform efforts. 

While it is important that reformers recognize these problems as they 
prepare to proceed with development and implementation, they must 
also recognize that change will occur incrementally. Therefore, short- 
term goals must be designed that focus on the following questions: 

g What role can government policy play at the federal, state, and 
local levels to support science reform? 

mw How can local school district policy be encouraged to support 
science reform at the school and the classroom level? 

mw What role should the construction of curriculum play in profes- 
sional development? To what extent should curricula be ready to 


secondary school 
no access to the kinds 
works common 1n 


academic scientists. 


implement in the classroom? 

mw How can public support of science education reform be developed 
at both national and grass-roots levels? 

The short-term goals that emerge from the answers to these and 
perhaps other questions should be considered in the context of top- 
down and bottom-up reform strategies, and strategies that combine 
ingredients of both. This chapter is divided into four sections that 
focus on these questions and offer options for reform strategies that 
address them. 
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TOP-DOWN REFORM: 
NEEDED CHANGES IN GOVERNMENT POLICY 


Government policy—federal, state, and local—has the power to effect 
fundamental change in classroom practice. Although federal funding 
has some influence on K-12 school programs, local school boards con- 
tinue to have direct control over American schools. And in the last 25 
years, the role of states in U.S. education—even at the local level—has 
grown considerably (Goertz, 1993). The increased focus on course 
requirements and state comparisons during the 1980s helped move even 
more power to the state level. Although this movement increased the 
number of students from all backgrounds taking academic courses (Porter, 
Kirst, Osthoff, & Schneider, 1993), little attention was paid to what was 
being taught in those courses. Now states around the country are begin- 


ning to use policy instruments, such as curriculum frameworks, assess- 
ments, and teacher certification requirements, to directly impact both 
content and instruction in schools. Many are doing so under the rubric 
of a policy and governance strategy called “systemic reform.” This strate- 
gy calls for states to develop a common set of standards or principles 
around which their schools should operate, then use these standards to 


develop goals for curriculum, instruction, and 


States around the assessment. This reform also requires states to 
. organize and distribute resources more effec- 
country are using : 
tively to meet standards-based goals. 
policy instruments, States give their districts and schools vary- 
. ing degrees of flexibility to design their own 
such as curriculum eae pre Magri is aa 
strategies for meeting state-imposed standards. 
frameworks, For example, state-mandated textbooks and 


assessments, and 


assessments narrow the options that individual 
districts and schools have for designing their 


teacher certification own programs. If science and mathematics 
. educators hope to see reforms i 

requirements, : P ee pementce 
on a wide scale, they must work to influence 

to directly impact state-level policies that support more flexibility. 
Reforms should include com i 

both content PIPESHEnSWE 
attention to curriculum frameworks, assess- 

and instruction ment, teachers, and curriculum materials. If 

; state policy impacting th 

Semanle policy impacting these four areas runs 


antithetical to the goals of science education 
reform, it will surely kill reform efforts. But 
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policies that at least open the space for innovation—and at best actively 
support science and mathematics education—can be a key ingredient 
to the success of reform. 


CurRICULUM FRAMEWORKS 
In the past, state guidelines for instruction in various disciplines received 
little attention from educators. However, these guidelines—commonly 
called curriculum frameworks—are beginning to play a greater role in 
guiding statewide instruction. Frameworks are now often developed in a 
public forum, and many states use them as catalysts for school reform. 
When this chapter was written, many states were publishing new or 
revised statewide curriculum frameworks—37 in science and 33 in 
mathematics—and most were already in the process of implementing 
them (Blank & Pechman, 1995). More and more of these frameworks 
are beginning to mirror the goals of science and mathematics reform by 
using standards that emphasize the conceptual ideas of a field rather 
than its highly specialized details. These standards include Benchmarks 
(AAAS, 1993), National Science Education Standards (National Research 
Council, 1996), and Curriculum and Evaluation Standards for School 
Mathematics (National Council of Teachers of Mathematics, 1989). 
Nonetheless, frameworks take very different forms from state to 
state. For instance, California and South Carolina provide a relatively 
high level of detail, discussing the larger conceptual ideas of science, 
its pedagogy, the sequencing of instruction, and assessment. Texas 
and Mississippi limit their frameworks to statements of the science 
content goals and objectives, offering only optional suggestions for 
instruction. Finally, states such as Pennsylvania have developed 
nondisciplinary frameworks that do not discuss sequencing or peda- 
gogy. Content-only and nondisciplinary approaches may be used 
more often in states with a history of strong local control because 
they provide more flexibility to school districts. Some of the states 
that proposed detailed content and pedagogy have been forced to 
rewrite their frameworks by powerful groups who oppose values and 
attitudes statements that are often expressed or implied in more 
detailed frameworks. Some coalitions strongly oppose goals such as 
problem-solving, higher-order thinking, and heterogeneous grouping 
because they feel it detracts from student learning of specific subjects. 
These groups have forced several states to switch from the develop- 
ment of frameworks that make suggestions for teaching and learning 
science processes to more discipline-based frameworks. 
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Although the “bare-bones,” discipline-based 
State » frameworks frameworks do not always align perfectly 
with Benchmarks—mainly because they are 
often grade-level or course specific rather 
at least some than interdisciplinary across grade ranges— 
“o: they are much more viable politically. In 
degr ° of specifi Ay ne they make it ak to aie a 
or instructional great deal of guidance and flexibility to 
teachers. On the other hand, state frame- 
works that do not contain at least some 
httle practual value degree of specificity or instructional guidance 
will have little practical value to teachers and 
school administrators who must figure out 
administrators. how to translate the broad concepts of the 
frameworks into classroom units and lesson 
plans. To solve this problem, local school dis- 
tricts can use Benchmarks, which provides both a high degree of speci- 
ficity and a great deal of flexibility. Project 2061’s proponents will have 
a powerful tool to advance reforms if they extend their influence on 
the development of state science curriculum frameworks to include the 
work that local districts do to implement those frameworks. 


that do not contain 


guidance will have 


to teachers and school 


ASSESSMENT 
Like state influence in general, the influence of statewide (and even 
nationwide) testing has grown dramatically in the last 20 years. As 
discussed at length in B/ueprints’ Chapter 8: Assessment, these tests 
often are the most important influence on what gets taught in the 
classroom. Recognizing this, many science and mathematics educators 
have become increasingly concerned about the limitations of multiple- 
choice, standardized tests, and have begun to focus increasing attention 
on developing so-called “authentic assessments.” These authentic 
assessments often include portfolios of student work, performance-based 
exams, and open-ended response items that are designed to test students’ 
ability to think reflectively rather than reflexively. Many hope, and science 
education reformers must also hope, that the use of these assessments 
will continue to increase. They have great potential to promote more 
experiential learning and critical thinking skills, two key goals of science 
and mathematics education reform. 

Costs and public acceptance are barriers to the development and 
use of authentic assessments. Larger states are able to pay for the 
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‘ oe amas — development of science 
State Assessment Accountability assessments that are aligned 


State Assessment is: Number of States* with their own frameworks 
Used for school accountability 30 and that include open-ended 
Used to make decisions on consequences 27 and performance items. States 
About school funding 13 : 
: with fewer resources must use 
About school probation 11 " . . 
- off-the-shelf” commercial 
Used for student accountability 26 , : 
High school exit requirement 17 tests that are mainly multiple- 


choice format and often are 
poorly aligned with the state 


Aligned with state curriculum standards 23* 


“45 states have statewide assessment systems 


21 states in the process of analyzing alignment framewo rk. School districts 
Source: National Goals Panel. (1996). Profile of 1994-95 state assess- Pee) ; 5 y 
ment systems and reported results. Washington, DC: Author. face similar difficulties in 


aligning frameworks and 
assessments. Although many states have begun to use enhanced multi- 
ple-choice exams (e.g., exams that include graphs, measuring tools, 
and so on) and open-ended items in statewide assessments, a variety 
of technical issues still plague authentic assessments and make them 
problematic for policymakers concerned about public accountability. 
Likewise, several groups resist authentic assessments because of their 
inability to clearly quantify a student’s performance. California and 
Kentucky, for example, had to shelve their authentic assessments in 
the face of public criticism that they were not sufficiently objective 
and reliable. 

Whether a state or school district uses authentic assessments or relies 
heavily on standardized, multiple-choice testing, assessments exert a 
powerful influence on curriculum and instruction. And the higher the 
stakes associated with performance on the exam, the more it will 
influence the curriculum. Though some of the indirect results of high- 
stakes exams—such as teaching to the test, focusing on skills and 
vocabulary, and taking time away from instruction—are inconsistent 
with many of the aims of reform, educators must recognize the power 
that assessments exert on practice and must therefore be prepared to 
attempt to influence the design of state and national exams, following 
the suggestions in Chapter 8. 


TEACHERS 

Reforms have little chance of producing more than isolated impact 
without fundamentally affecting teachers. A recent study indicated that 
there are major problems in the teaching force, including many out- 
of-subject and non-certified teachers, and high rates of turnover and 
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leaving the field (National Commission on Teaching & America’s 
Future, 1996). The report identified ten indicators of teacher quality: 

m percent of unqualified hires, 

m percent of out-of-field teachers, 

m teachers as a percent of total staff, 

@ professional accreditation, 

m required time in student teaching, 

m student teaching experience with diverse learners, 

m new teacher induction, 

@ professional standards, 

@ nationally certified teachers, and 

@ incentives for national board certification. 

Of these ten indicators, one state currently meets seven, three states 
meet none, and the majority of states meet fewer than four. 

States use a wide variety of policies to influence the quality of the 
teaching force, including salaries, incentive pay, certification and license 
renewal, evaluation, and staff development. The surest way for science 
and mathematics education reformers to make fundamental change is 
to place strong emphasis on the certification, evaluation, and staff 
development of teachers, administrators, and policymakers. 


Certification. Just as assessment influences classroom practice, a state’s 
certification process for teachers affects the practices of teacher-training 
institutions. Though it is difficult to change the content of higher 
education curricula, institutions have changed their teacher-training 
programs when high numbers of students have not passed certification 
exams. In an attempt to change the nature of its teaching force, Okla- 
homa is now tying its certification requirements to standards devised by 
the National Board for Professional Teaching Standards (NBPTS) for 
high-performing, experienced teachers. Teacher educators would be 
well-advised to work with NBPTS or similar organizations in deter- 
mining the content of their programs. 


Evaluation. In the 1980s, many states attempted to strengthen their 
teacher evaluation processes. However, these efforts were not very suc- 
cessful in influencing education. First, teacher shortages in some states 
and localities precluded districts from eliminating teachers, no matter 
how they performed on the evaluations. In addition, teaching evaluations 
have tended to focus on generic teaching competencies. For instance, 
Minnesota's Educational Effectiveness Program, created in 1983, used 
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15 general “effective schools” criteria as a 
basis for evaluation and assistance. It is 
important to recognize that the context of 
a teaching situation, the content of what 
is being taught, and the particular instruc- 
tional goal all must be considered in defin- 
ing and evaluating effective teaching (Sclan 
& Darling-Hammond, 1992). Reformers 
should develop and refine models of 
teaching science that align with the goals 
of Benchmarks and Standards, use them as 
the basis for evaluations systems, and tie staff development to evalua- 
tion to produce a system that builds science teaching competency 
toward standards-based goals. 


Cycle of Standards-Based 
Instructional Improvement 


Staff Development. Largely because supporters of staff development efforts 
lack political power, many states do not provide any funding at all for 
staff development, leaving it to individual districts. Even when states do 
provide funds for staff development, they rarely support the type of long- 
term, flexible, and developmental science learning process that Project 
2061 envisions for teachers and students. Fiscal crises nationwide and 
broad popular support for belt tightening in state bureaucracies ensure 
that this political reality will remain unchanged for the foreseeable future. 

Science and mathematics education reformers should work closely 
with states that do provide funding for staff development in order to 
help them create targeted, substantive programs for districts and schools. 
In states that provide minimal or no financial support for staff devel- 
opment, professional associations can try to influence teacher-training 
institutions and state certification processes. In these states, any efforts 
to influence staff development activities should be focused at the dis- 
trict level. A long-term goal can be to design workshops to introduce 
teachers to Benchmarks and Standards. A truly effective system would 
also include statewide networks of teachers, district offices, and 
“coaches” who have been similarly trained and who provide ongoing 
training and support to schools implementing these goals. 


INSTRUCTIONAL MaTERIALS 

Although about half the states approve textbooks and other instruction- 
al materials for schools, mandantory adoption of those materials varies 
widely from state to state. Some policy makers have talked of moving 
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away from textbook use, with frequent claims that textbooks are a mile 
wide and an inch deep, that they are written by publishers whose aim 
is not to offend, that they therefore address only the most watered 
down content, and that they limit teacher options and tend to stifle 
teacher creativity (Schmidt, McKnight, & Raizen, 1996). States have 
begun to respond to these criticisms. Not only have many states 
pushed the publishers of their textbooks to adopt higher standards of 
quality, they have also worked to diversify the materials that are eligi- 
ble for adoption. For example, several states now encourage science 
teachers to use science kits, videodisks, or computer software programs 
in their classrooms. Science and mathematics educators would do well 
to take advantage of this climate of flexibility and reform. Providing 
students with more relevant, hands-on learning experiences is now the 
aim of science and mathematics educators and a growing number of 
policymakers. 


Hands-on Work in Science Class 


Ha We 


lto3 4106 7109 10 to 12 
Grade level 


Source: National Science Foundation. (1996). Indicators of mathematics 
and science education, 1995. Arlington, VA: Author. 


Percent 


ADDING FLEXIBILITY 

Many states are actively working to increase the flexibility of their 
policies, recognizing the limits of past efforts aimed strictly at top-down 
reform. Numerous states see standard-setting policies that are modeled 
after Benchmarks and Standards as a promising method for combining 
state-level accountability nceds with local needs for control of instruc- 
tion and curriculum design. Science and mathematics educators would 
be well advised to use these new mechanisms and their counterparts— 
deregulation, charter schools legislation, local needs assessment processes, 
and the like—to allow for local experimentation along lines consonant 
with reform ideals. The current climate of reform at the state level is 
one in which lasting, meaningful change can flourish. 
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BOTTOM-UP REFORM: 
NEEDED CHANGES IN SCHOOL POLICY 


By the mid-1980s, the substantial limits of top-down reform had begun 
to reveal themselves, and policy makers increasingly focused attention on 
“restructuring.” Most restructuring policies held that teacher and parent 
empowerment was the key to effective education. Although the reason- 
ing was logical and the intention admirable, most restructuring policies 
ignored curriculum content. Without such focus, it was difficult to effect 
changes in student learning (Porter, 1993). 


DistTRIcT-BASED REFORM 
Theoretically, systemic reform attempts to address this issue by bringing 
subject-matter content into local empowerment strategies. Many of 
today’s systemic reform initiatives, however, tend to decentralize control 
from the state to the school, bypassing the district. Policymakers should 
be careful not to get carried away with the romantic idea of delegating all 
decision-making to individual school sites. 
Districts play a Spillane’s 1994 study of a Michigan school dis- 
trict illustrates how powerful districts are in medi- 
ating between state policy and classroom practice. 
mobilizing and Despite a strong set of incentives and sanctions 
designed to make districts comply with new state 
reading standards, the district was instead able to 
political support focus professional development, curricular materi- 
als, and student assessments on more traditional 
forms of reading. 
fives, and their The power of local districts should not be 
overlooked in any sweeping reform strategy. 
They are close enough to school sites to under- 
kill those efforts stand the subtleties of local context, but powerful 
enough to influence practice at a group of 
schools, eliminating the difficult task of making 
change on a school-by-school basis. Policymakers 
must consider that district administrators interpret policy changes in the 
light of their own organizational, social, and political context. 

To bypass district administrators and focus on school personnel will not 
diminish the importance of the district in the change process. Districts 
play a major role in mobilizing and influencing local political support for 
reform initiatives, and their opposition can kill those efforts with ease. 


mayor role in 
influencing local 
for reform tmitia- 
opposition can 


with ease. 
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As increased state-level control influences educational goals in the 
coming years, science and mathematics education reformers would do 
well to use districts as the unit of dissemination and development. 
Under current Goals 2000 plans, 90% of states’ allocations of federal 
grants for goal setting will go to local districts. Science leaders might 
consider ways to provide (or ask states, foundations, or others to pro- 
vide) incentive grants to local districts interested in implementing 


Benchmarks and Standards. 


SCHOOL-BASED REFORM 

As an overall change strategy, focusing on the school or district level 
as the unit of development holds promise. Building networks of schools 
or districts that aim toward science reform would allow them to learn 
from each other, cooperate to obtain technical assistance, and break down 
the isolation that so often plagues educators. Grants for start-up costs 
and implementation also may be more easily obtained by a coalition of 
schools with common goals. 

There are several trade-offs involved in a school-centered strategy 
of bottom-up change. Certainly, school by school change is more expen- 
sive, and its reach is more limited. It also may miss the very schools that 
need help the most. Voluntary, bottom-up approaches do not provide the 
political leverage that is sometimes needed for change, and may only 
attract schools at the high end of the socioeconomic scale. School by 
school change increases the complexity of district administrators’ jobs, 
which is to assure the public that programs are effective and students are 
achieving. These reasons argue that, although individual schools can and 
do manage to develop impressive changes, an overall strategy for reform 
in science education should not depend solely on school-level approaches. 


LESSONS FROM PROJECT 2061 SITES 
For any school or district wishing to put the goals of Science for All 
Americans (AAAS, 1989) into practice, the School-District Centers in- 
volved with Project 2061's reform efforts provide valuable lessons. Several 
factors have influenced the outcomes at the six sites: bottom-up design; 
external support and funding from AAAS; multilevel, multidisciplinary 
teams; encouragement to “dream big” and develop a vision unhampered 
by current school organization, design, or district politics; and a lengthy 
planning and development period (Massel & Hetrick, 1993). 

Just as the sites provide lessons on how to ensure the success of 
science education reform, they also illustrate examples of the many 
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pitfalls that await a district or school attempting such broad change. 
For instance, the open-ended nature of the project was in conflict 
with some important local realities, such as constraints on teachers’ 
time, politicians’ needs for accountability, and parental understanding. 
The long-term strategy of the project also made it difficult for some, 
especially those outside the core team, to stay actively involved. If 
reform is to engage teachers on an ongoing basis—and surely it 
should—these difficult realities will have to be addressed. 


RECOMMENDATIONS FORA 
PROFESSIONAL LEARNING STRATEGY 


To address the difficult issue of teacher capacity, science and mathematics 
education reformers can consider focusing on a strategy of professional 
learning, with strong ties to curriculum development. This strategy 
would combine elements of both top-down and bottom-up approaches. 


PROFESSIONAL CHALLENGES 

The models of learning embraced by reformers—based on the idea that 
learners construct their own knowledge—force teachers to become more 
active decision makers in the classroom and to use materials and lessons 
that meet the unique needs of their students. In short, this approach may 
ask some teachers to teach in a way they have never been taught, which 
sometimes goes against the grain of today’s classroom organization. In 
addition, it requires teachers to have much greater facility with subject 
matter than they currently do. They must be prepared to contend with a 
degree of complexity and uncertainty that was probably not a part of 
their training, and to not know the answer to many student questions. 
Overcoming these challenges is no small task. Research on the reforms 
of the mid-1970s, which were heavily supported and widely implement- 
ed, showed that most teachers who experimented with experience-based 
learning and new curriculum materials quickly returned to more com- 


fortable, traditional methods (Stake, Easely, & Anastasiou, 1978). 


STAFF DEVELOPMENT Topay 

Much staff development today is ineffective because it is fragmented in 
conception, episodic in delivery, and inconsistently distributed among 
teachers. It is often designed by experts distant from the classroom, with 
schools rarely taking responsibility for it. Teachers in most staff develop- 
ment exercises are consumers of knowledge produced elsewhere, a reali- 
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ty that is wholly inconsistent with the goals and philosophy of reform 
(Little, 1993). 

In addition, many teachers are poorly situated professionally to engage 
in the kind of networking that takes place among academic scientists at 
frequent conferences. Teachers can hardly be expected to provide hands- 
on activities and help children construct knowledge in science if they 
are not given the resources to construct their own ideas about science 
content and teaching. Likewise, it is not surprising that teachers might 
have difficulty implementing many science curricula. These materials 
are often developed by professional scientists, and teachers and profes- 
sional scientists are almost completely isolated from each other. 

Some successful efforts to confront these challenges have been made, 
such as the Urban Mathematics Collaborative (Webb, Heck, & Tate; 
1996) and a smaller network of Math A teachers in San Francisco 
described by Adams (1992). Both of these efforts recognized that build- 
ing long-term teacher development rests heavily on three factors: subject- 
matter expertise, knowledge of education policy, and a strong connection 
to a broader professional community. The Urban Mathematics Collab- 
orative reaped the benefits of connecting teachers to influential people 
in their discipline and to state and national policy makers, while helping 
teachers to recognize expertise and incorporate it in their teaching. 

Project 2061 school sites have in some ways functioned much like 
these two collaborative networks. In fact, several teachers who were 
trained at these sites and interviewed for this chapter said it was the best 
professional development they had received in their lives. Other studies 
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-— have shown that teachers tend to consider staff 
Building long-term development most effective when it offers sub- 
enon aDeh opment stantive depth and focus, adequate time to 

grapple with ideas and materials, opportunity 
rests heavily on to consult with colleagues and experts, and a 
Hie fa ctors: subject- a of doing real work rather oo being 
talked at” by experts. Project 2061's staff 
matter expertise, development includes several of these charac- 
teristics. Similar professional learning models, 
centered around curriculum analysis, are strate- 
tion policy, and a gies that can be more widely implemented. 
Nonetheless, there are serious barriers to 
implementing improved models of professional 
a broader professional learning. First, the cost of all staff development 
is high. Second, it is difficult to engage already 
busy teachers in lengthy staff development exer- 
cises. It might be even more difficult to engage 
college and university faculty. Third, while reform emphasizes open-ended 
processes that promote ongoing learning and growth, politicians and the 
public often demand closure on the development process, and account- 
ability measures that match a certain timeline. In a similar vein, teachers 
demand closure on curriculum development. Not surprisingly, many 
teachers have expressed frustration in the past when curriculum reforms 
have been designed to serve the broad needs of an entire state or nation, 
and therefore have left teachers with the overwhelming responsibility of 
designing or adapting course units and activities. Science and mathemat- 
ics leaders must be aware of these realities and work to balance their 
objectives with the needs of teachers, administrators, and policy makers. 


knowledge of educa- 
strong connection to 


community. 


RECOMMENDATIONS FOR BUILDING SUPPORT 


If reform leaders intend to reach the ambitious goal of changing the way 
science is taught in schools nationwide—in fact, if they hope to have 
any impact at all—one of their greatest challenges is to build widespread 
public support. Gaining public consensus and support is made more dif- 
ficult by the diversity in our educational and political systems, which 
respond to many interest groups with a variety of agendas. It is useful to 
think of the need to build public support in two areas: policymakers’ sup- 
port for initial approval of reforms, and grass-roots support from teach- 
ers and parents for long-range classroom implementation. While advo- 
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cates of reform must recognize the importance of building support 
among oth of these constituencies, they must also recognize that the 
construction of such support will probably be done site by site or issue 
by issue rather than with a single, broad-based campaign. Finally, sup- 
port for reform ideas will be most forthcoming if the public gains a sense 
of ownership through early and continued participation. 


COALITIONS ON THE Top 

In order to develop the most effective effort to influence coalitions at 
higher levels of power, leaders must endeavor to understand the political 
contexts of different regions, states, and localities. For instance, while the 
state legislature may take the lead in influencing reform in one state, 
the state department of education may be the critical contact in another. 
Reform leaders should rank those who influence policy in terms of 
their positions, power, and salience across the following categories: 

B insiders, such as professional subject-matter associations, state sci- 
ence and mathematics systemic reform projects, curriculum policy 
makers, and textbook publishers; 

@ the near circle, such as state boards of education, teacher unions, 
parent associations, and ideology groups; 

@ the far circle, such as administrative organizations and business 
groups; and 

& sometimes players, such as school accrediting agencies. 

Science education leaders might consider a variety of other tactics 
to spread their word to policy makers and the public. For example, 
to gain public and professional input on its Common Core of 
Learning (Vermont’s curriculum framework), the Department of Edu- 
cation sponsored “focus forums”—meetings to discuss what students 
should know and be able to do. Such forums are an effective way to 
help parents and the public play a role in the development of new 
schooling programs and to give them a better understanding of the 
aims and philosophy of science education reform. Focused dialogues 
such as these serve to ease public resistance to change. 

As science education reformers begin to develop public awareness, 
they must recognize other policy concerns as well. Interviews with 20 
people from a range of constituencies (teachers, department heads, 
policy makers) highlighted some possible policy problems for reforms 
such as those proposed by Project 2061 (Kirst, Anhalt, & Marine, 
1993). First, the interdisciplinary focus runs counter to many powerful 
institutional structures, such as professional associations, current text- 
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books, and advanced placement (AP) examinations. Second, current 
and past efforts at mixed-group instruction have often met fierce oppo- 
sition from parents of gifted children, a group that tends to form a 
powerful lobby. Finally, while many interviewees were positive about 
the benchmarks, the flexibility they allow raises important questions 
for state policy makers, such as how to evaluate the diverse instructional 
programs that could arise under such an interdisciplinary approach. 


GRASS-ROOTS COALITIONS 
The task of mobilizing grass-roots support is distinct from influencing 
policy at higher levels. Direct contact with individual teachers is expen- 
sive, so reformers should work through organizations, beginning with 
subject-matter professional groups, teacher unions, and reform networks. 
But support from teachers will only be forthcoming if they understand 
the vision of reform and believe it will help solve the problems of the 
classroom, and if they have the external support to prepare for and imple- 
ment reform ideas. Teacher support may grow if professional learning and 
curriculum development continue to be integral parts of reform strategies. 
The policy scenarios and recommendations in this chapter are much 
easier said than done. But change is always a challenge, and recogniz- 
ing complexity is the first step. The policy environment is ripe for sci- 
ence and mathematics education reform. Many stakeholders agree on the 
basic premises of systemic reform. The task will be to keep pushing on 
these fronts, to make some wise (and lucky) strategic choices, and to 
build on the philosophy and content of Benchmarks and Standards. 
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Finance 


WHAT FISCAL ISSUES might arise from implementing reforms in science 
education? How might we deal with the related problems? This chapter 
answers these questions by assessing the existing resource base for 
education; reporting what we know about how these resources are being 
spent currently; reviewing the contemporary debate over whether and 
how dollars make a difference in the improvement of pupil performance; 
and assessing the costs of implementing an ambitious reform initiative 
with goals such as Project 2061’s. The chapter argues that there is more 
to understanding the fiscal implications of science education reform 
than developing projections of expected dollar costs and speculating 
about how easy or hard it will be to raise the necessary money. It con- 
cludes with recommendations for enhancing the prospects of the suc- 
cessful implementation of the Project 2061 vision of reform at several 
levels of the educational system. 


THE RESOURCE BASE FOR EDUCATION 


The United States raised more than $260 billion of revenue for its 
public elementary and secondary schools in 1993-94. Almost all of 
these resources were generated by taxes imposed by various levels of 
government, but state and local units of government contributed the 
largest shares (93%) with the federal government contributing the bal- 
ance.’ This distribution of governmental responsibility for generating 
public education revenues has been changing. For many years, the share 
contributed by local governments declined in favor of increased shares 
for other levels of government. The federal share peaked in 1980 and 
has been steady in recent years. In the 1990s, the state share began to 
decline, placing greater responsibility on local governments. The tax on 


'These data all come from the National Center for Education Statistics (1996). 
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real property is the primary means by which local governments raise 
tax revenues; rising tax burdens at the local level have sparked taxpayer 
protests that are frequently focused on the property tax. 


Sources of Funding for K-12 Education 
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Changes have also been occurring in the absolute magnitude of the 
resource base for education in the United States. Evidence suggests 
that the level of investment has been increasing in real terms, although 
the precise magnitude of the increase is a matter of some dispute (cf. 
Rothstein, 1995; Odden, Monk, Nakib, & Picus, 1995). Odden esti- 
mates the increase at 200% in real terms per pupil over 30 years; 
according to Rothstein, estimates such as Odden’s overstate the real 
growth by a factor of 40%. Much of the dispute over the precise mag- 
nitude centers around questions of changes in the needs of students 
and resulting changes in the nature of educational opportunities. If the 
public schools are delivering a significantly different product today 
than 20 years ago, it is clear that simple comparisons between what 
was spent then and now may be very misleading. 

The basic conclusions that can be drawn are these: 

w A substantial investment in public education has been taking place. 

w The level of this investment has been rising in real terms. 

g [he rate of increase is diminishing and is likely to continue to do 
so in the near term. 

Education reformers need to be mindful of these trends, particularly 
if their reforms call for the infusion of new resources. Recent reduc- 
tions in the share of support coming from state sources may be an 
opportunity for reformers to argue that states need to return to pro- 
viding their historic share of support for the schools. Although there 
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may be resistance to spending more state dollars to maintain the status 
quo, there may also be greater willingness to invest in well-designed 
reforms. The challenge will be to justify investments in education in 
relation to the pressing needs in most states for investments in health 
and other social services. 

The rise of taxpayer frustration with the burden they carry to sup- 
port schools is also prompting exploration of nontraditional revenue 
sources. In particular, interest is growing in user fees; proceeds of fund 
raising; and grants from private groups such as businesses, foundations, 
and booster clubs. In most places these revenues are playing only mar- 
ginal roles, but some public schools are beginning to raise significant 
sums of money in these unorthodox ways. This success suggests that 
resources are available and that an important challenge for reformers is 
to identify new mechanisms for citizens to support their public schools. 


SPENDING ON PUBLIC EDUCATION 


There are a number of important questions to ask and answer about 
how the billions of dollars that are raised for public schools are being 
spent. For example, one might reasonably wonder about how much is 
spent on a typical pupil in the public schools. The answer for 1993-94 
was $5,325 according to the National Center for Education Statistics 
(1996). But, this answer can be misleading because it does not reveal 
the tremendous amount of variation that occurs across individually 
organized schooling units. Some of this variation exists at the state 
Se level. For example, the highest 
alee eee spending state in 1993-94 was 

a Alaska at $9,075, and the lowest 


State* State Funds Federal Funds spen ding State was Utah at 
Hawaii 41-2 G2 $3,206 (a difference of more 
Nebraska 89.9 7.8 than 2.8 to 1). 
New Hampshire 31.0 5.9 Significant variation can also 
New Mexico D7 122 exist within the individual states. 
Oregon 25.4 6.1 For example, in New York dur- 
Washington 754 57 ing the 1993-94 school year, the 
U.S. Average 473 5.7 district in the 90th percentile of 
the spending distribution spent 
aed epi ara eae of ae close to twice as much as the 
Source: National Center for Education Statistics, (1996). district in the 10th percentile. 


Current elementary and secondary expenditures—1990s and 


beyond, Washington, D.C.: Author. Considerably larger spending 
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discrepancies occur between districts 
States... vary at the extreme ends of the New York 
spending distribution curve. 

The clear lesson to learn from these 
terms of the level of figures is that states, as well as individual 
schooling units, vary substantially in 
terms of the level of resources being 
invested in education. invested in education. Some of the varia- 

tion is due to factors such as differences 
in the cost of living, and some is due to fundamental, geographically 
based differences in fiscal capacity. 
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SPENDING BY FUNCTION 

Schooling systems provide a vast array of services, including some that 
are only tangentially related to education (e.g., food and transportation 
services). Overall, we now know that 60% of the education dollar 
(nationwide) is spent on instructional services. The 60% figure is 
remarkably consistent across school districts of different size, wealth, 
spending level, region, incidence of minority populations, and incidence 
of children living in poverty (Odden et al., 1995). Thus, it appears that 
while districts have significantly different levels of resources to spend, 
they apportion their resources in much the same way. It also appears 
that the 60% level has remained steady over the past 35 years. 

The remaining 40% of the education dollar is divided across other 
budget categories as shown in the table below. There has been a con- 
tentious debate in recent years over the level of spending on adminis- 

—————_ trative services. Critics of the public 


Non-Instructional Spending schools have been known to talk about 


Percent Category an “administrative blob” that is drawing 
8-10 ean support resources away from the instructional 
curriculum development, : : 
professional development, COZ of the schools, particularly in large 
student services, etc.) city schools. Research is showing little 
9-11 Operation and evidence of “blob-like” drains from the 
maintenance of the 2 : 
physical plant instructional budgets of the schools, even 
4-6 Transportation and those located in the large cities (Odden 
food. services L.. 1995). Indeed “ 
dead Administenive cta 2 ). In eed, some research is 
services showing that, while never large, the per- 


centage being spent on central adminis- 
Source: Odden, A., Monk, D., Nakib, Y., and . 5 i 
Picus, [. (1995, October). The story of the edu- tration has been dropping in recent years 


cation dollar: No academy awards and no fiscal 


smoking guns. Phi Delta Kappan, 161-168. (Roellke ) 199 6) . 
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SPENDING EARMARKED FOR SCIENCE EDUCATION 

Various estimates have been made about the level of investment in 
science education. For example, the Federal Coordinating Council for 
Science, Engineering, and Technology (FCCSET) (1993) estimated 
that the federal government spent at least $2.2 billion on education 
programs specifically targeting science, mathematics, engineering, and 
technology (SMET). Total federal spending on education, including 
programs not focused specifically on SMET education, was estimated 
to be $24 billion in 1993 (FCCSET, 1993). 

Recent research has looked at the allocation of instructional resources 
across different areas of the secondary school curriculum. For example, 
in 1992-93, New York State school districts on average provided 4.23 
secondary science teachers per 1,000 district pupils. This allocation rep- 
resented 12.2% of the teaching resource provided at the secondary level. 
The allocation of resources to secondary mathematics was larger, 
amounting to 4.65 teachers per 1,000 district pupils or 13.4% of the 
total teaching resource. (Monk, Roellke, & Brent, 1996). 

The New York research also included analyses of how school district 
characteristics such as incidence of poverty were related to the alloca- 
tion of resources to science and mathematics. Remarkably, wealth and 
per-pupil spending levels are largely unrelated to the allocation of 
teacher resources to science and mathematics. Indeed, it is only among 
the wealthiest and highest spending districts in the state that there is 
any evidence at all of an increase in the numbers of teachers in these 
key disciplines. The research shows that science and mathematics are 
not unique in this regard; the number of teachers in all academic cur- 
riculum subjects is relatively unaffected by differences in districts’ 
wealth and overall spending levels. 

Significantly different resource allocation practices have been found 
between remedial, regular, and advanced courses in mathematics and 
science. Specifically, a greater degree of course differentiation of this 
kind was found in New York for mathematics compared to science. In 
mathematics, 70% of teacher assignments were categorized as regular, 
in science, the comparable figure was 91%. Moreover, the differentiation 
that occurred in science took the form of more advanced (rather than 
remedial) offerings. In science, the proportion of remedial courses was 
1%, while the comparable figure for mathematics was 21%. 

According to the New York data, allocations of teachers to science 
and mathematics have been increasing. Between the 1982-83 and 
1991-92 school years, the teacher supply per pupil grew by 6.02% in 
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—~———— —-- science and 4.31% in 


Mathematics Teacher Allocations in New York mathematics. 
(Teachers per 1,000 students) “tudinal 
Level 1982-83 1991-92 Percent change ie eee ina. . 
rding curric- 

Advanced courses 1.21 1.55 +28.1 feoo fs reso f 8 

. ular differentiation are 
Remedial courses 1.64 1.96 +195 . 

also of interest. Across 

Regular courses 17.29 17.60 +1.8 


all academic subjects 


Source: Monk, D.H., Roellke, C.F. and Brent, B.O. (1996). What education there was growth in 


dollars buy: An examination of resource allocation patterns in New York state pub- 
lic school systems. Final report to the Consortium for Policy Research in 


Education. Ithaca, NY: Cornell University, Department of Education. both advanced and 

remedial offerings that 
significantly outpaced growth in teachers allocated to the “regular” 
area of the curriculum. It is clear that most of the new staff going into 
the academic curriculum during this period of reform was directed 
away from the so-called regular offerings. 


SPENDING ON A Key INpuT: TEACHERS 

Research has also been conducted on the level and nature of teacher 
compensation. There is a longstanding debate over what teachers 
should earn as they practice their craft. On the one hand, advocates of 
higher salaries argue that teaching is an undervalued profession. 
Proponents of this view typically cite as evidence the higher salaries 
that are received by accountants, architects, physicians, and lawyers. 
Evidence suggesting that teachers are poorly paid relative to certain 
civil servants is also often cited in this context. Those who question 
the wisdom of higher teacher salaries draw attention to the ten-month 
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nature of most teaching contracts, the relatively small number of hours 
spent in direct contact with students, and the high degree of job secu- 
rity and guarantees of due process that frequently accompany employ- 
ment as a public school teacher. 

The effects of new reform dollars coming into the educational system 
on teacher salaries are of special interest to science education reformers. 
A common worry is that new dollars could simply lead to higher 
salaries with little concomitant change in the nature of teachers’ 
instructional efforts. Taxpayers would then find themselves paying 
To NRA— more for the same product and thereby 
Average Teacher Salaries inadvertently contributing to a decline 
in the productivity of the schools. 


E 
% 30000 High-spending districts could be 
E8000 . compared with lower-spending districts 
€ to see how much of the extra resources 
= 10000 --- 
g are devoted to teacher salaries. Recent 
S _ 3 
Ue i Ss research of this type (e.g., Barro, 1992, 
oe s & Ri and Picus, 1993) suggests that only a 
Sree Pubichéd on the very small percentage of the additional 
National Center for Education . . . S 
Statistics World Wide Web Site dollars being spent in high expenditure 
at http://www.ed.gov/NCES 


districts can be traced to teacher salaries 
per se. The dominant uses of the higher 
spending levels are for more teachers (i.e., smaller average class sizes), 
more services for students with special educational needs, and non- 
instructional services. 

There is a renewed interest in designing teacher compensation sys- 
tems that establish stronger ties between compensation and performance. 
The history of these efforts (see Murnane & Cohen, 1986) is not 
encouraging. However, some new ideas have been advanced in recent 
years that involve reliance on group rewards and “gain-share” strategies 
that use compensation to stimulate performance (Odden, 1994). As 
Murnane and Cohen (1986) observed, the idea that compensation is 
tied to performance can foster a willingness among taxpayers to invest 
in education. Progress on the reform of teacher compensation practice 
needs to be a high priority for any reform-minded group in education. 

Research on how resources are spent on teachers consistently finds 
that typically less than 1% of the budget is earmarked explicitly for 
teachers’ continuing professional development (Darling-Hammond, 
1994; National Commission on Teaching and America’s Future, 
1996). There seems to be a growing awareness that teachers need 
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strengthened professional development programs, and there may well 
be greater willingness to spend new dollars on professional development 
rather than upgraded salaries and benefits for teachers. 


THE DOLLARS DO/DON’T MATTER DEBATE 


Before real progress can be made toward understanding the implica- 
tions of differences in spending levels on education, insight is needed 
into the productivity of the existing educational system. Many critics 
find serious productivity problems (e.g., Hanushek with others, 1994). 
The underlying research literature on the topic is vast and largely 
inconclusive, with researchers sometimes drawing conflicting conclusions 
from the same studies (cf. Hanushek, 1989, and Hedges, Laine, & 
Greenwald, 1994). The chief lessons to learn are these: 


1. It matters how dollars are spent. Not even the harshest critic of the 
productivity of schooling systems will claim that dollars “can’t” make a 
difference. The debate is generally focused on whether good value is 
being realized for the dollars that are currently being expended. A 
corollary argument is that if current dollars are not being spent wisely, 
it would be folly to devote additional resources to the system. 


2. There are examples of remarkably effective schools.’ It is therefore clear 
that improvements are possible. The challenge lies in finding ways to 
move the system toward the level of performance that some experi- 
ences suggest is possible. 


3. Incentives can be adjusted in ways that promote school effectiveness. 
Incentive analysis and manipulation is a promising and largely unex- 
plored tool for making improvements in performance. Economists have 
argued that a major problem with public education is that the existing 
incentives block meaningful progress toward improvements in efficiency 
(Hanushek with others, 1994). For example, teacher compensation 
practices have been criticized on the grounds that all teachers earn 
virtually the same salaries as long as they have comparable levels of 
training and experience. Recent efforts at fostering systemic reform can 
be viewed as attempts to “get the incentives right” within the system, 
and a number of interesting and promising experiments have gone for- 


*See the collection of papers edited by Robert Berne and Lawrence Picus (1994). 
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ward in states like South Carolina and city school systems like Dallas 
(Clotfelter & Ladd, 1996). 


4. Innovations have promise but can impede growth in productivity. 
As computing and related technologies become increasingly preva- 
lent in schools, care needs to be exercised so that innovations do not 
inadvertently erode productivity in education. Costs could outweigh 
benefits if these technologies serve only as add-ons to existing class- 
room activities. 


ASSESSING THE COSTS OF REFORM 


It is useful for policymakers to have cost estimates of proposed reforms 
before they make decisions about implementing them. This is particu- 
larly true for the ongoing efforts to implement site-based decision- 
making, redesign curricula, raise academic standards, reform pupil 
assessment practices, and further “professionalize” the field of teaching. 

Certainly, it would be desirable to have estimates of the costs asso- 
ciated with implementing science education reform. However, there 
are at least three reasons why it is difficult to obtain even first approxi- 
mations of the real costs associated with such reform, and these need 
to be understood by those who are seeking to implement the reform. 

First, significant reforms entail significant departures from current 
practice. It is relatively easy to estimate costs of current practice because 
there is a track record that can be studied. But where policymakers are 
debating whether to pursue a significantly new set of practices, the 
track record is less available. Sometimes pilot efforts can be considered, 
but cost analysts still rely heavily on assumptions about what would 
happen if the pilot were fully operational. 

Second, there is the “supplement versus 


Significant refor. mS supplant” problem. The very reason that a 


. reform is being contemplated suggests prob- 
are difficult to eae. P BESS" P 
lems with existing practice. To the extent that 
» ey . < 
“cost out” because reform measures can substitute for existing 
“pose ractice, some savings need to be factored 
they entail signifi- PIES 8 


into estimates of the marginal cost of reform. 
cant departures ‘from It follows that the cost of a reform should not 
be viewed as a simple add-on to existing 
practice. However, it is also the case that the 
analyst is not entitled to simply subtract the 


current practice. 
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cost of all practices deemed deficient. The implementation of reform 
is often difficult and the reluctance to change fundamental practice 
needs to be taken into account in estimating costs. 

Third, suppose enhanced scientific literacy significantly improves 
the quality of public discourse over land use, the disposal of nuclear 
waste, and a host of other technologically connected issues. Society 
could find itself avoiding the costs of future mistakes, and these sav- 
ings are relevant to a full cost/benefit accounting of science education 
reform. Of course, it is difficult to do much more than recognize that 
these savings/benefits could be significant. 

Although these difficulties are daunting, it is nevertheless impor- 
tant for policy makers to have a grasp of the resources that reform will 
require. There have been some cost estimates for efforts similar to this 
reform, but current science education reform is unique in terms of the 
breadth of its goals. 

This being said, there are some estimates that can begin to inform 
the debate. For example, at least $117 million were spent between 1954 
and 1975 on National Science Foundation reforms (Jackson, 1983). And 
Elmore (1993) reports that the Physical Sciences Study Committee 
spent between $1 and $1.5 million from 1956 to 1961 in direct devel- 
opment costs and probably three times that amount in indirect costs. 
He also notes that the Biological Sciences Curriculum Study has spent 
in the neighborhood of $10 million in direct expenditures and several 
times that amount in indirect expenditures. 

Other efforts to estimate these costs include the work of Borg and 
Gall (1989), who argue that the cost of developing a single minicourse 
that provides 15 hours of instruction was more than $100,000 in the 
early 1970s. They estimate that a similar major curriculum project 
today costs several million dollars. They also note that the ratio of 
1:10:100 is used in industry to estimate funding requirements for 
research and development: if $1 million are required to do the basic 
research for a new curriculum product, it would require $10 million 
more to develop the product through the operational field test and 
revision phase, and 10 times that amount ($100 million more) to 
manufacture and disseminate the product. 

Efforts have also been made to estimate the costs of continuing 
teacher professional development, another central element of science 
education reform. Miller, Lord, and Dorney (1994) estimated that 
between 1.8 and 2.8% of the operating budgets in the districts they 
studied was devoted to professional development, amounting to 
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$1,755 to $3,529, per regular classroom 
Cost analysts can teacher. It has long been noted that it is 
unusual for school districts to devote more 
than 1% of their budget allocations to profes- 
the barriers that sional development (Darling-Hammond, 
1994). If states invested 1% of the $117 bil- 


provide insight into 


make is lementing lion that they raised for public K-12 educa- 
reform aifficult. tion in 1993-1994, the effort would require 


$1.2 billion dollars. 

In addition to generating estimates of 
resource requirements for anticipated reforms, cost analysis can pro- 
vide insight into the barriers that make implementing reform difficult, 
i.e., costly. Economists are interested in the role incentives play in 
explaining the behavior of the various parties within educational systems. 
A cost can be thought of as a disincentive or impediment that needs to 
be overcome; sometimes those costs take subtle forms. For example, 
consider the case of a staff development program that periodically 
requires teachers to leave their classrooms in the hands of a substitute 
teacher. At first glance, the cost of this program would include the cost 
of funding the substitute teachers to free the classroom teacher for par- 
ticipation. However, teachers may still be reluctant to leave their class- 
rooms on the grounds that their departure is disruptive, has adverse 
effects on the performance of their students, and requires more work for 
the teachers on their return. In such a case, the true cost of the program 
has been underestimated, perhaps to a significant degree. The failure 
to identify and offset these subtle costs may go a long way toward 
explaining why reform has been so difficult to implement. There is per- 
haps no surer way to compromise the effectiveness of a reform than to 


underfund it. 


RECOMMENDATIONS 


The following are recommended as broad strategies: 

m@ Educate the public about the importance of a science literate 
population. Use public education as a strategy to prevent or at least limit 
erosion of the existing resource base for public education. 

m Leverage new resources for reform. Capitalize on the basic good 
will people have for schools by demonstrating that any new dollars will 
be invested wisely. 

@ Stimulate changes in how existing—as well as new—resources are 
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utilized. Changes need to be made in certain “iron” laws of resource 
allocation, especially in the area of teachers’ continuing professional 
development. 

mw Discard practices that have been discredited and draw attention to the 
fact that the resulting savings can help to finance new strategies. 

w Face the full costs of reform squarely and resist the temptation to 
ignore hidden costs. 

w Continue to articulate a bold vision for reform. 

w Avoid trying to pursue all aspects of reform simultaneously. Instead, 
pursue tactics designed to make incremental progress at selected sites in 
carefully chosen areas of reform. 

It is crucial to create and keep current, accurate records of the successes 
and failures that surround efforts to reform science, mathematics, and 
technology education. Educators may well find that an accurate and 
frank record of the experiences of Project 2061 and other reform efforts 
becomes their most enduring legacy for the long-term improvement of 
the nation’s ability to make fundamental and cost-effective reforms of 
its educational system. 
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Researth 


WHAT KNOWLEDGE IS NEEDED to allow the ideas in Science for All 
Americans (American Association for the Advancement of Science 
[AAAS], 1989) to become common practice? What kinds of research 
are needed to ensure informed decision making that will lead to the 
kind of science literacy for all envisioned by Project 2061 and other 
science reform efforts? These are critical questions for a research agenda. 


The definition of science literacy in Science for All Americans and 
Benchmarks for Science Literacy (AAAS, 1993) is not limited to the nat- 
ural sciences; mathematics, technology, and the social sciences are also 
included. Adding to the complexity of a broad definition of science 
literacy is the deeper understanding of curriculum that has developed 
during the last two decades. Correspondingly, educational research has 
also become far more complex. Together, these factors all contribute to 
the challenge of developing a blueprint for needed research. 

Building on Benchmarks’ Chapter 15: The Research Base, this chapter 
highlights three major areas for research focus: understanding what 
students and teachers know and how they learn about science; the 
possibilities and consequences of building stronger connections among 
the natural sciences, mathematics, technology, and social studies; and 
linking educational research with practice. 

Since 1985 there have been at least six attempts to set research agendas 
in science, mathematics, and technology education’. Reports detailing 
these attempts can inform the research agenda. They all agree on the 
need to coordinate the efforts of researchers and other stakeholders who 


' They include: Mathematics, Science, and Technology Education: A Research Agenda (Committee 
on Research in Mathematics, Science, and Technology Education, 1985); Establishing a Research 
Base for Science Education: Challenges, Trends, and Recommendations (Linn, 1987); Setting a 
Research Agenda: Research Agenda for Mathematics Education (Sowder, 1989), Establishing a 
Research Agenda: Critical Issues of Science Curriculum Reform (Shymansky & Kyle, 1992); Toward 
a Research Base for Evolution Education: Report of a National Conference (Good et al., 1993); 
Blueprints Research Conference (Science Education Research Agenda Coalition [SERAC], 1994). 
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try, usually separately, to improve science education. They also stress how 
important it is for teachers and curriculum developers to know how stu- 
dents’ and scientists’ conceptions of nature differ. A third theme is the 
need to recognize that learning is situated in a complex set of variables, 
including class, race, and gender. 


THE RESEARCH BASE: WHAT’S MISSING 


As noted in Benchmarks for Science Literacy the coordinated, long-term 
research needed to inform many decisions about reform is largely 
unavailable. Benchmarks’ Chapter 15: The Research Base summarizes 
the research that supports statements about what students should know 
and be able to do at specific grade levels. The summary is organized by 
the chapters in Benchmarks and Science for All Americans, which present a 
comprehensive and interdisciplinary view of science literacy. Following 
are examples from this summary, by area of science literacy, of further 
research that is needed. 

The Nature of Science. There are few studies at the elementary school 
level, and much of the research that is available is limited to multiple- 
choice questionnaires. How might the results of nature-of-science 
research change if students were provided with adequate instruction in 
this area? 

The Nature of Mathematics. Researchers have not emphasized the 
relationships between mathematics and science or mathematics as a 
modeling process. We must learn more about how students develop 
connections between phenomena and symbols or expressions and about 
how they judge the fit of representations to real objects. 

The Nature of Technology. Only a small body of research exists on 
students’ understanding of technology and how it relates to science 
and society. 

The Physical Setting. Although much more research has been done in 
the physical sciences, few studies exist on students’ understanding of the 
processes that shape the earth, or on long-term teaching interventions in 
the physical and earth sciences. Is it possible for elementary school stu- 
dents to understand many commonly-taught ideas about moon phases, 
our solar system, galaxy, and universe? To what extent can students of 
various ages understand the atomic/molecular nature of matter and 
related microscopic (abstract) ideas? How are students’ concepts of forces 
and motion influenced by instructional and noninstructional factors? 

The Living Environment. Little has been published on students’ 
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understanding of cells, the flow of energy through the living environ- 
ment or on effective instructional interventions. Evolution of life as the 
central organizing scheme in biology and how precursor concepts are 
learned (or mis-learned) is also understudied. 

The Human Organism. Much research is needed on elementary stu- 
dent's conceptions about the human organism. 

Human Society. Studies on student learning of cultural effects on 
behavior, social change and conflicts, and global interdependence are 
limited. To what extent can students of various ages understand political 
and economic systems? 

The Designed World. There is a very small body of research on what 
students know and how they learn about the structures and functions 
of the designed world. 

The Mathematical World. Mathematics has benefited from a great 
deal of research, especially on how children build the ideas of number 
and space. However, more studies are needed about how students learn 
graphic skills and the relationship between graph production and inter- 
pretation, especially with microcomputer-based laboratories. In algebra, 
how do students come to understand what a solution means and why 
it is important? How might students be helped to understand the con- 
cepts of argument and proof? 

Historical Perspectives. Much more research is needed to assess how 
historical understanding develops and how students’ concepts of time 
are interrelated. 

Common Themes. Insight is needed into how students understand the 
use of models in science. 

Habits of Mind. Although a great deal is known about mathematics 
computational skills, little is known about how estimation skills relate 
to other scientific habits of mind or how students can be helped to 
relate theory to evidence and judge inadequacies in arguments. 

These examples represent a bare outline of the research agenda that 
is needed to focus on how students develop the knowledge to become 
science literate. In addition, each benchmark across the K-12 grades 
raises related questions about curriculum and instruction. 


STUDENT AND TEACHER KNOWLEDGE 


Research on students’ understandings of particular concepts at certain 
grade levels was an important influence on where benchmarks were 
placed. Project 2061’s committment to the use and promotion of edu- 
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cational research in its reform efforts is further underscored by 
Benchmarks’ Chapter 15: The Research Base. Although that chapter 
identifies more than 300 studies, the research is unevenly distributed 
across the 12 areas of literacy described in Benchmarks. These studies 
also tell us little about the nature of conceptual change within grade 
levels. Understanding the knowledge that students bring and how they 
are able to change that knowledge in classrooms and through other 
learning opportunities is crucial. 

Most of the research reviewed in Chapter 15 relates to students’ 
understanding of particular benchmarks; however, studies that report on 
the development of students’ ideas across the span of grades K-12 are 

rare. Studying the nature of conceptual 
Understanding change in students over long periods of time 

for all benchmarks is an important area of 
the knowledge that needed research. Such research would entail 
students bring a comprehensive, long-term project involving 
aie they Ae si researchers, including teachers. 7 

n addition to understanding the cognitive 

able to change that aspects of student learning, it is important to 
know how interests and other noncognitive 
factors contribute to students’ attainment of 
rooms and through science literacy goals. These contextual factors 
(Cole & Griffin, 1987) are part of the overall 
picture of student understanding and should 
opportunities 1s be part of the research agenda. The role of 
the teacher in helping students attain science 
literacy goals is also important. However, 
there is less agreement on what it means to be 
an effective teacher and only an emerging consensus on how teachers 
should be prepared as professionals. Agreement with the goals of Science 
for All Americans provides a basis for consensus on teacher effectiveness. 
Unfortunately, there is little research-based evidence about how we can 
educate teachers to use guidelines such as Benchmarks and the National 
Science Education Standards (National Research Council, 1996) creatively 
to promote science literacy. 

Many of the same misconceptions that research has documented 
for K-12 students can be found in college students, including prospec- 
tive science and mathematics teachers. However, much more research 
on teachers’ misconceptions is needed. How do these conceptions 
manifest themselves in teachers’ instructional strategies and what 


knowledge in class- 
other learning 


crucial 
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effects might they have on students’ understanding of science? Many 
other contextual factors at the levels of classroom, school, community, 
and beyond contribute to the understanding of how teachers convey 
important science concepts. 


INTERDISCIPLINARY CONNECTIONS: 
RESEARCH IMPLICATIONS 


Developing connections and common themes across disciplines should 
encourage more collaboration of K-12 teachers with educational 
researchers. Perhaps more than any other this theme stresses the impor- 
tance of rethinking the meaning of science literacy. An interdisciplinary, 
thematic approach to curriculum organization would require research to 
determine appropriate curriculum design and instructional strategies as 
well as studying how learning occurs across traditional disciplines. 


SCIENCE AND MaTHEMATICS 
The connections between mathematics and science are so numerous and 
so fundamental that it seems almost irresponsible of educators to not 
highlight their interrelatedness. The literacy envisioned by Project 2061 
requires nothing less than a serious research and development effort to 
make these connections far more explicit in curriculum and instruction. 
Ideas about the nature of mathematics have a clear impact on a 
research agenda related to teaching and learning mathematics. When 
mathematics is viewed as fundamentally grounded in natural phenome- 
na, the need to connect science and mathematics education seems more 
pressing. Guidance on the needed research can be gained from a num- 
ber of sources including Benchmarks and the Curriculum and Evaluation 
Standards for School Mathematics (National Council of Teachers of 
Mathematics [NCTM], 1989), both of which emphasize the impor- 
tance of connections between mathematics and science. For example, an 
especially relevant recommendation can be implied from Benchmarks: 
Little emphasis has been given to students’ understanding of 
mathematics as the study of patterns and relationships, or to the 
relationship between mathematics, science, and technology, or to 
the nature of mathematical inquiry as a modeling process (AAAS, 
1993, p. 333). 
Statements in the NCTM standards emphasize the importance of 
connections of mathematics with science and other disciplines and under- 
score the need for research in this area. For example: 
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As students in grades 5-8 become aware of the world around 
them, probability and statistics become increasingly important con- 
nections between the real world and the mathematics classroom. 
Weather forecasting, scientific experiments, advertising claims, chance 
events, and economic trends are but a few of the areas in which 
students can investigate the role of mathematics in our society 
(NCTM, 1989, p. 86). 

An important area for connections between mathematics and science 
is quantitative reasoning. Students reason about quantities as they 

construct abstract ideas in mathematics, try 
An umportant area to understand phenomena, and represent 
their thinking. Another theme is reasoning 
that is grounded in imagery of objects and 
between mathematics phenomena, which supports students’ con- 
struction of the quantities themselves, and 
from which they develop ideas related to pat- 
titative reasoning. terns, functional relationships, and geometric 

properties (Thompson, 1994). 

The alliance between mathematics and science has a long history in 
which both disciplines try to discover general patterns and relationships 
and, therefore, are part of the same endeavor. An excellent source for 
examples of this mutually beneficial relationship and, by extension, the 
implications they have for research, is On the Shoulders of Giants 
(Steen, 1990). The book’s essays on pattern, change, dimension, quan- 
tity, shape, and uncertainty provide rich and relevant ideas about math- 
ematics and its connections with other disciplines. 


for connections 


and science 1s quan- 


SCIENCE AND SOCIAL STUDIES 

A research agenda should build a more solid foundation for curriculum 
decisions about when and how students can understand the social sci- 
ence content described in Benchmarks’ Chapter 7: Human Society. The 
Handbook of Research on Social Studies Teaching and Learning (Shaver, 
1991), for example, addresses the interrelations between social studies 
and other curriculum areas, but shows that connections between science 
and social studies have not been a major research agenda item. 

Much of the critical research in social studies education is directed 
at the question of equity. What practices in society, and education in 
particular, result in inequitable treatment for people? To achieve science 
literacy for all will require knowledge of how the current system might 
discriminate against some students while favoring others. Other areas 
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of research include exploring how science/technology/society (STS) 
issues (such as population growth, water resources, world hunger, food 
resources, and extinction of plants and animals) might be connected to 
issues of interest to social studies researchers (Hickman, Patrick, & 
Bybee, 1987). Many natural connections seem to exist between STS and 
social studies. Research can help to identify these connections and 
explore ways to use them effectively in schools. 


SCIENCE AND TECHNOLOGY 

It can be useful to keep in mind the fundamental differences between 
science and technology when considering implications for curriculum 
and instruction as well as for research. Chapter 15 in Benchmarks con- 
cludes that the research base for technology education is small. This is 
not surprising, because technology is largely ignored in U.S. schools. We 
need to understand in a much more detailed way what students think 
about the purposes of experimentation, as well as how science teachers 
convey the differences between scientific and engineering approaches 
to problems and experimentation. 

Models developed in engineering may be more closely tied to rele- 
vant, everyday problems and may be more beneficial for teaching science 
than models organized by abstract principles (Linn, 1994). It is impor- 
tant to include teaching about technology to help students understand 
both the differences and similarities between science and technology. 
Research on these issues is needed as curriculum and instruction based 
on Benchmarks are used to promote reform. 


RESEARCH CONNECTIONS 
AMONG BLUEPRINTS CHAPTERS 


Most of the chapters in Blueprints identify research knowledge that 
will be necessary to allow the ideas they address to become common 
practice. In this section, the importance of a comprehensive research 
agenda for science education reform is underscored. Many of the obser- 
vations and suggestions for research can be traced to the Blueprints 
chapters themselves, while others grow out of other sources. 


EQuiTy 
Issues of equity are clearly on the minds of many educators involved 
in science education reform. In Creating a Civic Culture in a Scientific 


World, Ladson-Billings (1994) writes: 
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Unfortunately, one of the last issues given consideration in all of 
this talk of standards is that of equity. Thus, the essential question 
for me is: What will national standards mean for those students 
who traditionally have been ill-served by the public schools? (p. 2) 

She goes on to say: 

If teachers are not prepared to engage in rigorous debate about the 
intersections of social and scientific studies, creating standards that 
list them cannot make them happen. If opportunities for educational 
excellence are seriously compromised because students are poor, speak 
a language other than English, are members of non-white racial or 
cultural groups, or are female, the standards are likely to do nothing 
more than reproduce the same inequalities. (p. 11) 

How can the tools of science education reform, such as Benchmarks 
and Standards, be used to target the ill-served in our society? Especially 
for the children of this nation’s poor, how can the vision of Science for 
All Americans be translated into learning opportunities that allow an 
escape from poverty? A research program designed to focus our attention 
on possible answers to these questions is sorely needed. 


SCHOOL ORGANIZATION 

Is it necessary to alter traditional school organization to accomplish 
the science literacy goals of reform? How can research help in answer- 
ing this question? Research on school organization should continue to 
be a part of systemic reform efforts as schools adopt various alterna- 
tives to the traditional discipline-based, grade-level option most com- 
monly found in our schools. Decision making at the grassroots level 
empowers teachers, parents, and others to make necessary changes. A 
great deal of locally generated information on school organizational 
change will be needed to find what works in the many different schools 
in the country. Case studies of alternative school organizations will 
provide valuable information as schools use Benchmarks, Standards, and 
other reform tools to improve science literacy. 


CurRRICULUM CONNECTIONS 

The case studies described in B/ueprints’ Chapter 6: Curriculum Connec- 
tions illustrate attempts to weave connections among the traditional 
school subjects—mathematics, science, language arts, and social stud- 
ies—through projects that involve student learning inside and outside 
of schools. Research is needed to determine the effectiveness of these 
lands of interdisciplinary curricula in terms of agreed-upon measures 
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of science literacy. As pointed out in Blueprints’ Chapter 8: Assessment, 
multiple measures and alternative assessment strategies are needed to 
reflect student learning in these new curricula. Most teachers want to 
know if and how these kinds of interdisciplinary curricula work. 
Assessment research will therefore need to be tied closely to research 
on curriculum development. 


MATERIALS AND TECHNOLOGY 
Little research has been done on how teachers and students access and 
use resources in teaching and learning science. Likewise, few studies 
describe the effect of various materials on 
Little research has teachers and students. We need to answer 
questions like those raised by Berger, Lu, 
Belzer, and Voss (1994): What are the capa- 
teachers and students bilities of hypermedia, microworlds, expert 
tutoring systems, and telecommunications 
that allow students to share, exchange, and 
in teaching and even reconsider what they have learned? 
What are the capabilities of database sys- 
tems that permit students to retrieve infor- 
mation and make flexible connections 
between related ideas? What are the effects of microcomputer simula- 
tion environments that give students the opportunity to make 
hypotheses, test them, observe results, and come to conclusions? 


been done on how 
access and use resources 


learnin 1g science. 


ASSESSMENT 

The most important question facing science education reform efforts 
with regard to Benchmarks and Standards is this: How will student 
progress through benchmarks at each grade level be monitored, and how 
can science literacy at the end of K-12 be assessed? Consensus on this 
issue will not be easy to attain. Who will decide and how will it be 
decided? Moreover, how can we know what students might be able to 
achieve if schools could provide ideal learning conditions? Extensive 
research on conceptual change will be needed to inform the assessment 
component of science education reform. 

As reported in Blueprints’ Chapter 8: Assessment, research suggests 
that teachers often are unaware of good assessment techniques. How can 
they be helped to improve their assessment strategies? This important 
research question relates both to assessment and to teacher education 
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chapters, as discussed in Blueprints’ Chapters 8 and 9. The issue of fairness 
has implications for research related to assessment and to equity which are 
addressed in Blueprints’ Chapters 8: Assesment and 1: Equity. How 
should fairness of assessment measures be judged? How well do teachers 
recognize the degree of fairness of a test? 


TEACHER EDUCATION 

Assuming that teachers teach as they were taught in college science 
courses and that more science knowledge is important for inquiry-based 
teaching, the vision of Blueprints’ Chapter 9: Teacher Education is tied 
closely to undergraduate education in the sciences. However, it seems 
prudent to at least question the assumption that K-12 science teachers 
teach as they were taught in college science courses. Of the many factors 
that influence how school science is taught, how influential are college 
science teachers? Can we turn to research-based knowledge for guid- 
ance? Unfortunately, the answer is no. 

A research program designed to sort out the influence of content 
knowledge and teaching models in university and college science courses 
would be very helpful. How and where do effective K-12 science teachers 
learn to teach? How much of their effectiveness can be attributed to 
the influence of college science teachers? How much and what aspects 
of their effectiveness can be explained by their knowledge and under- 
standing of science? A teacher education program informed by research 
must be able to answer these and related questions. 


HicHer EpucaTIoNn 

Blueprints’ Chapter 10: Higher Education assumes that as science educa- 
tion reform goals are reached in K-12 schools, colleges and universities 
can build upon these achievements. During their preparation as under- 
graduates, many prospective science teachers take more science courses 
than education courses. Blueprints’ Chapter 9: Teacher Education argues 
that these college-level science courses should be changed to provide 
prospective teachers with good models of science teaching. These 
assumptions raise interesting research questions probed earlier: What 
are the effects of college science teaching on prospective teachers’ ideas 
about science teaching? How do these ideas get translated into actual 
teaching strategies? Careful study of the effects of college science teach- 
ing on the teaching ideas and habits of future school teachers should be 
undertaken to establ'sh more clearly the “sensible” conclusion that we 
teach as we were taught in college. 


RESEARCH 89 


FAMILY AND COMMUNITY 

Research on family involvement in schooling should be carried out at 
the early stages of reform to allow for better informed decision making 
throughout reform. Just as teacher-education research shows that it is 
important to involve teachers in decision making, research on parent 
involvement shows that learning improves when parents have mean- 
ingful roles in their children’s education (see B/ueprints’ Chapter 11: 
Family and Community). Given the wide variety of home environments 
of today’s children, what kind of family involvement is reasonable to 
expect? A research program that can provide answers to this question 
will be helpful to science education reform. 


BUSINESS AND INDUSTRY 

Blueprints’ Chapter 12: Business and Industry states that evidence of 
the effectiveness of business involvement in education is mainly anecdo- 
tal. The chapter also assumes that this involvement is desirable, focus- 
ing mainly on how to make the partnership more effective. A research 
agenda in this area would include questions designed to probe the 
nature and consequences of various kinds of involvement of business 
and industry in education. 


CONNECTING RESEARCH WITH PRACTICE 


Research and practice in education are multifaceted and can influence 
each other in many ways. This section considers some of the common 
views of education research and practice, and the relationships between 
them. Suggestions are offered on ways to connect these often separate 
enterprises within the reform framework. 


RESEARCH IN CONTEXT 

How can research on schooling be improved? How can research be tied 
more closely to practice? The journey that education research has taken 
from the 1960s to the 1990s can be thought of as a transition toward 
placing research in more meaningful context. Qualitative research meth- 
ods are often better able to capture the rich detail of teaching and learn- 
ing in complex classroom and school settings than are the quantitative, 
experimental methods that dominated pre-1970s education research. 
Having more research methods to use in trying to answer questions of 
interest to researchers and teachers ensures more realistic and mean- 
ingful results and conclusions. It seems obvious, but it is crucial to 
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know that both the discipline/<ubject content 
Teachers must and the pedagogy used in teaching that content 
will influence the results of research on teaching 
or learning. Research that ignores one or the 
value of conduct- other lacks that context necessary to provide 
teachers with meaningful information. 

The next step toward achieving a necessary 
research in richness of context in education research is 
their classrooms. developing the teacher-as-researcher or 

research-partner concept. The teacher-as- 

researcher is seen by many to be an important 
component in making the research-practice connection. Teachers must 
come to see the value of conducting informal research in their class- 
rooms. At the same time, university researchers must come to under- 
stand the value of having teachers become members of the formal edu- 
cation research community. A continual exchange of ideas is critical to 
both initial and long-term change in instructional practice. 


come to see the 


ing informal 


MuttipLte MEANINGS OF EDUCATIONAL RESEARCH 
Trying to connect research with practice requires a careful definition 
of research so we can know better where some useful connections can 
be made. Research is now defined in many different ways, in contrast 
to the earlier notion of quantitative methods. Among the terms used 
to refer to these approaches are qualitative, descriptive, interpretive, 
naturalistic, ethnographic, and phenomenological. The purpose here 
is not to sort out the nuances of modern forms of research but to 
emphasize the complex nature of the research picture. 

Romberg (1992) noted the importance of understanding the various 
“conceptual lenses” used by researchers. These lenses often affect 
researchers’ initial assumptions about the world to be investigated. For 
example, in studying schooling, these perspectives reflect researchers’ 
assumptions about what knowledge is to be taught, how learning 
occurs, the role of teachers and other professionals, and the classroom 
environment. 


TEACHER AS RESEARCHER 


A primary reason for including teachers is to provide a rich context for 
research efforts. Few people in the educational research community have 
as much knowledge of what goes on in schools as teachers, yet teaching is 
mainly studied by outside researchers. There are probably many reasons 
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for this situation, but one that should be considered is the lack of value 
placed on teachers’ knowledge of their own classroom and school envi- 
ronments. Researchers generally see a narrow range of the depth and ° 
complexity experienced by teachers every day, year after year. There are 
a few signs that this situation is beginning to change (for examples, 
see Cochran-Smith & Lytle, 1993; Schon, 1990; Whyte, 1991), but 
relatively little evidence exists to support the idea that teachers are 
active research partners. 

A strong support system is needed if teacher-as-researcher programs 
are to be successful in the long term. Both schools and universities must 
sufficiently value the idea to provide the funds, time, and flexibility for 
teachers and researchers to interact professionally. Short of involving the 
teacher directly as a partner in research (i.e., teachers as researchers), 
teachers must be involved as “research users” throughout a given study. 
Teachers must be shown the value of doing action research in their class- 
rooms, and university researchers must come to understand the value of 
having teachers as members of the education research community. 


RECOMMENDATIONS 


Because science education reform—especially if it intends to be inter- 
disciplinary—casts a wide net, it is important to focus on a relatively 
small number of research themes; otherwise, the research effort will be 
as diluted and fragmented as the current education research picture. 
Teams of researchers across disciplines working on common research 
questions offer the promise of coordinated, longitudinal research pro- 
jects. The teacher-as-researcher or research-partner concept must be 
developed to ensure both improved research and closer ties between 
research and practice. 

Research should stay close to the subject matter content in Bench- 
marks and Standards that defines science literacy. Research questions 
should be related to the various content themes in Benchmarks so that 
findings bear directly on the outcomes defined as science literacy. Losing 
sight of the central focus of Science for All Americans would dilute 
research findings, making progress toward achieving science education 
reform goals more difficult. 

Finally, a research agenda for science literacy should reflect the follow- 
ing general recommendations for how it should be conducted and what 
tools need to be developed to carry it out: 

a» A coordinated, longitudinal research effort will be required. 
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m A major research effort directed at developing or identifying 
assessment tools for Benchmarks and Standards should be initiated. 

m Clear connections among school science, mathematics, and social 
studies should be identified. 

m Research must be connected to teaching practice by having 
teachers on research teams and by expanding the teacher's role in 
research and development efforts. 

In addition, the following specific areas of research have been raised 
in the chapter and are necessary to build the research base for reform 
in science education: 

gm The role of natural language and other symbolic systems. 

gw The nature of students’ mental models about natural phenomena, 
linked to Benchmarks and Standards. 

gw Curriculum and instruction that can provide equitable science 
learning opportunities. 

m Strands or themes that cut across many disciplines. 

gw The role of misconceptions and the critical components of con- 
ceptual change. 

mw The effects of college science teaching and subject matter know- 
ledge on K-12 science teaching. 

m Case studies of schools that are implementing various forms of 
science education reform. 

Successful science education reform needs a foundation of research- 
based standards, curriculum, and teaching. The grade level delineations 
in Benchmarks that show how learning develops across the grades are 
drawn from research on teaching and learning. This is a first step that 
can be extended. Science teachers should require that curriculum and 
performance frameworks, instructional materials and technology, teach- 
ing strategies, and assessments also be based upon research. 
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ParTII 
The School Context 


OTHER THAN PEOPLE AND FACILITIES, perhaps the most apparent parts 
of a school system are its organization, curriculum, and instructional 
materials and technologies. These are obviously interdependent, although 
decisions regarding them are often made as though they were entirely 
independent entities. In principle, time, space, and personnel are orga- 
nized to accommodate students’ learning a given curriculum. In prac- 
tice, a curriculum is constrained by the availability of time, space, and 
personnel. Similarly, materials and technologies are acquired to serve a 
curriculum, yet the materials and technologies on hand often determine 
what the actual curriculum will be. School organization (how time is 
configured, space allotted, and staff hired and assigned) and instructional 
technology (what learning materials and instruments of instruction will 
be used) also have important interdependencies. 

These three interrelated aspects of schooling (organization, curriculum, 
and instructional materials and technologies) share the purpose of pro- 
moting learning. But do they actually do so? That is what the fourth 
component of the school context, assessment, is designed to determine. 
External assessments, which may or may not be matched to the local 
curriculum, are intended to find out how well the system is working. 
If either one of these two types of assessment shows that student per- 
formance does not meet standards, something needs changing—the 
organization and conduct of instruction, the selection and use of learning 
materials and teaching technologies, or the content and structure of the 


curriculum. But that is too neat a picture. 
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For one thing, that picture implies that assessment, curriculum, and 
school organization function independently. In fact, each is often designed 
with the other in mind. For example, assessment content usually reflects 
the curriculum (“fair testing”) and over time the curriculum content is 
modified to reflect the assessment ( “teaching to the test”). And there 
are other interactions: because assessment takes time (a fixed and enor- 
mously valuable resource), a balance must be achieved between the time 
allotted to assessment at the expense of instruction, and vice versa; the 
sophistication of curriculum and assessment depends greatly on the 
number and quality of instructional and support staff; testing materials 
are often indistinguishable from instructional materials; and so forth. 

And of course school organization, curriculum, materials and tech- 
nologies, and assessment are all subject to local, state, and federal edu- 
cation policies which, in turn, are constrained by budget decisions. 
The reverse is also true to some substantial degree: policies are set and 
budgets determined to take into account decisions made on school 
organization, curriculum, materials and technologies, and assessment. 
Moreover, the school context is precisely where questions of equity 
come to the fore, because it is there that inequities play out—whether 
as biased tests, curricula that serve some groups better than others, 
higher quality learning materials in some schools than in others, or 
any number of other ways. 

By the same token, what schools can do—or are pressed into doing— 
with regard to school organization, curriculum, materials and technolo- 
gies, and assessment depends significantly on the support they receive 
from families, community leaders (including the media), business and 
industry, and higher education (especially teacher education and admis- 
sions policies), and the availability of trustworthy knowledge to inform 
decision making. These interactions are addressed in Part III: The 
Support Structure. 

As in Part I, Project 2061 has framed questions related to each 


chapter. These questions are intended to initiate discussions of the 
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interactions and components of the education system, with some 


attention to their bearing on the aims of Project 2061. 
SCHOOL ORGANIZATION 


1. Are there valid lessons to be learned about the organization of 
schooling from the organization of business and industry? Are policies 
dealing with the support given professionals, the utilization of modern 
technologies, the utilization of time, the assignment of decision-making 
responsibilities, performance assessment, and incentives transferable to 
the school context? If so, with what gains and at what costs? 

2. Where should the locus of authority reside with regard to how time, 
space, and personnel will be deployed? The district or each school in 
the district? If authority is to be shared among these, can jurisdictional 
battles be avoided? On whose shoulders should the final responsibility 
for meeting student learning goals rest? 

3. How can organizational fads be avoided? How can valid organiza- 
tional reforms avoid being declared fads that will have their day and 
then go away? What research is needed to guide decisions on proposed 
organizational changes? 

4, If radical changes in organization are to be considered, at what point 
should stakeholders and other interested parties be brought into the 
picture? 

5. How can organizational changes simplify an already complex system 
and make it more effective? What changes have positive effects on 


teachers? On students? In what ways? 
CuRRICULUM CONNECTIONS 
1. What does it take to align curricula with standards? What evidence 


can be adduced to support alignment claims? What if national standards 


and state or district frameworks are not themselves in accord? 
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2. What should be the balance in the curriculum between core require- 
ments and elective ones (both remedial and for the gifted)? Between 
discipline-based courses and subjects and those that are interdisciplinary 
or otherwise integrated? Between traditional courses and non-traditional 
structures, such as seminars, courses organized entirely around individual 
and group projects, peer teaching, and independent study? 

3. How can curricula accommodate the recommendations in Science for 
All Americans for all students to gain understandings and skills that con- 
nect science (natural and social), mathematics, and technology? That 
soften the boundaries among the sciences? That emphasize history, 
philosophy, and cross-cutting themes? That call for science teaching to 
be consistent with the nature of scientific inquiry and to reflect scien- 
tific values? 

4. How can curricula respond effectively to the recommendations in 
Benchmarks for Science Literacy for coherence and attention to cognitive 
development? What steps can be taken to avoid either failing to treat 
essential material often enough and sequentially enough or having 
needless redundancy? 

5. If “less is more” means reducing the number of topics covered in 
order to gain time to invest in greater understanding, on what grounds 
can decisions be made about what to eliminate? Who makes the deci- 
sions? What response can be expected from parents, the media, text- 


book publishers and test developers, and universities? 


MATERIALS AND TECHNOLOGY 


1. How can the claims publishers make to the effect that their text- 
books and other instructional materials address National Science 
Education Standards and Benchmarks be validated? Because publishers 
respond to the market (often leading to topic-burdened, vocabulary- 
intensive textbooks) and teachers seem willing to use such books, what 


can be done to make “less is more” possible? 
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2. What needs to be done to realize the promise of computer-based 
information and communications technologies? What effect will their 
use have on the gap between the lowest-performing students and the 
highest-performing? Will the cost of obtaining new hardware, main- 
taining and updating it periodically, adding and changing software, 
training and retraining teachers, and paying Internet access charges be 
justified by the benefits realized? How can such cost-benefit judgments 
be made? 

3. As computers are introduced, which functions (word processing, 
calculating, graphing, building and accessing databases, etc.) and pur- 
poses (drill, tutoring, testing, etc.) should take precedence? Should it 
vary by grade level? Subject matter? What computer skills will all 
teachers need in the future in order to do their job effectively? Are 
there ways—separate from their use to promote student learning—for 
computers to serve the professional needs of teachers? 

4. Can teachers be expected to create their own courses? Should schools 
adopt courses rather than textbooks? In considering whether to adopt 
a course, no matter who developed it, should school authorities demand 
evidence from field testing that the course yields the learning out- 
comes it claims? 

5. Which way will the spread of home computers and Internet access 
cut educationally? Will learning be enhanced or impeded? Will it 
depend more on school use or home use? Does loaning portable com- 
puters to students improve their learning? Improve communications 


with their families? 
ASSESSMENT 


1. How can schools best deal with the need to assess student perfor- 
mance for a variety of different purposes—to adjust instruction; to 
report to students and parents on progress; to create a record that will 


influence employment and college admission; to report on the effec- 
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tiveness of the curriculum; to compare a district, state, or country with 
other districts, states, or countries—without confusion? When do the 
time and financial costs of assessment outweigh the advantages? 

2. What are the tradeoffs between relative objectiveness of multiple- 
choice tests (and their kin) and the relative subjectivity of assessment 
techniques such as performances? Who decides when to use which kind? 
3. How can educators, parents, and others be sure that the assessment 
tools and techniques they use measure what they want them to? 
What components of the education system can and should be assessed 
periodically, and how? 

4. How should mathematics and science education respond to calls 
for “first in the world” performance? What assessments or outcomes 
do we value in making such comparisons or in making important 


decisions about schooling? 


School Organization 


HOW SCHOOLS ARE ORGANIZED and how well they can accomodate 
change are critical to success in educational reform. This chapter discusses 
organizational changes in governance, curriculum, assessment and evalua- 
tion, students, time, staff, space, and instruction that can help educators 
to implement Project 2061’s vision of science, mathematics, and tech- 
nology education reform. 

Organizational change, in order to be effective and sustainable, may 
need to be incremental, and it must accommodate the need to simplify 
complexity in schools and classrooms. We form organizations in part to 
manage the complexity of a disorganized world and to create stability 
and predictability where none exists naturally. Simplification is neces- 
sary to the health of an organization and the well-being of its members. 
In schools, where staff are responsible for large numbers of students and 
a variety of content subjects in the course of a day, the need to reduce 
complexity is especially important. 

This chapter begins with a general analysis of lessons gleaned from 
the historical influences on school organization, followed by a discus- 
sion of how reforms might be implemented in the organization of 
governance, curriculum, assessment and evaluation, students, time, 
staff, space, and instruction. Finally, it examines the process of change 
at one of six School-District Centers where Project 2061 principles are 
being deliberately employed. 


GUIDING PHILOSOPHY 


The philosophical underpinnings of Project 2061 guide the possibilities 
for and characteristics of organizational change. Specifically, two edu- 
cational perspectives are embraced that, in the past, have been viewed as 
mutually exclusive. One orientation involves structuring science teaching 
and learning around predetermined knowledge, skills, and attitudes 
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that students are expected to master over the course of thirteen years of 
schooling. The other is that of a more child-centered, student-initiated, 
inquiry-based approach to teaching and learning that requires a less 
rigid and more improvisational form of pedagogy than is normally 
found in math and science classrooms. 

Implicit in this second educational orientation is Project 2061's 
notion of reflective literacy as a key component of scientific literacy. 
Reflective literacy is the ability to know and understand a concept and 
to connect it meaningfully to other ideas when making decisions or 
interpreting information. For example, reflective literacy might lead a 
person to realize all the potential ramifications of logging a given tree, 
including the potential disruption of the tree’s relationships with other 
organisms, the complexity of those relationships, the difficulty of pre- 
dicting the ramifications of those disruptions, and so on. 

Concern with reflective literacy suggests a break with accountability- 
based, outcome-oriented reform movements of the past such as compe- 
tency-based education and mastery learning. Moreover, it is difficult to 
imagine that students will develop the habits of mind that promote this 
sort of deliberate thought process without opportunities to practice. 
And it is particularly difficult to imagine meaningful practice opportu- 
nities occurring in environments that are overly structured and teacher- 
directed, as is currently the case in many, if not most, classrooms. 

Project 2061 is not simply a curriculum reform project but is com- 
mitted to the reform of the entire educational system. Indeed, curriculum 
reforms in science and mathematics will inevitably die out quickly if they 
are superimposed upon the existing educational system. Consequently, 
many aspects of schools and school systems must be altered to realize 
this vision of reflective, long-term learning. Hence the need for examin- 
ing the possible types of change with which this chapter is concerned. 


LESSONS FROM HISTORY 


Historical analysis alerts us to move cautiously when implementing 
change; to avoid change for the sake of change; and, when changes in 
school organization are deemed necessary, to be sensitive to the need to 
accommodate increased complexity. As demonstrated by Cuban (1995), 
there are similarities between early reform initiatives and the ideas now 
being advanced by Project 2061 and other science education reform- 
ers. Earlier initiatives, however, had a limited impact on practice over 


the long haul, largely because of the stability of the age-graded school, 
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which had been imported from Prussia in the 
Curriculum reforms 19th century. The age-graded school revolu- 
tionized the governance, structures, cultures, 
and practices of schooling and teaching. 
mathematics will Embedded within the concept of an age-graded 
structure were a host of other organizational 
components: self-contained classrooms, cur- 
quickly if they riculum divided into segments, time schedules 
for teaching subject matter and skills, tests to 
determine whether the knowledge and skills 
upon the existing have been learned, promotion to the next 
grade for those who attain the minimum levels 
set for each grade, and remedial work for those 
who are left behind. 

The age-graded school, in turn, helped to create other characteristics 
of schooling. Because the school building itself isolates teachers into 
self-contained classrooms, monitoring and supervision are complicated, 
as is collaborative work with peers. Age-graded schools also helped to 
create certain pedagogical and classroom organization commonplaces, 
including teacher-centered instructional practices such as whole-group 
instruction and arranging desks in rows, and teacher-established rou- 
tines for students, such as hand raising. Other efficiency practices 
include lecturing, recitation, seat work, text-based homework and, more 
recently, weekly multiple choice or fill-in-the-blank tests. These prac- 
tices are ingrained in teachers’ belief systems about instruction: changing 
these accepted norms means changing a set of cultural beliefs. 

Variation among school and classroom practices and norms does exist. 
However, the dominant tendencies in the school and classroom regu- 
larities described above are well documented, and their ubiquity and 
durability are well established. Not only do these commonplaces respond 
to the needs of a specific type of organization—contemporar, American 
schools—they also accommodate certain needs common to all organi- 
zations, including the need to simplify complexity. 


in science and 
1 nevitably die out 
are superimposed 


educational system. 


FACETS OF NEEDED CHANGE 


Changes in the commonplaces of schools can occur. However, we 
should attempt only those changes that are essential to reform, and we 
should attempt them only if we are committed to finding ways to 
reduce any complexity that those changes introduce. 
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ORGANIZATION OF GOVERNANCE 

Since the mid-1980s, the interrelated notions of site-based management 
and shared decision making have been central to many contemporary 
reform agendas. Indeed, most of the models produced by Project 
2061’s School-District Centers recommended some sort of shared deci- 
sion making at the school site. 

In contrast to this thinking, others are a bit more ambivalent about 
site-based management and shared decision making, although supportive 
of the aspirations underlying these concepts. They argue that a large 
amount of discretion on the part of teachers and site-based administra- 
tors seems essential for several reasons. First, the only viable generaliza- 
tion educational research has produced is that there are no generaliza- 
tions which hold in all places, at all times, and for all students. 
Educators at the local site need discretion so they can respond to the 
idiosyncrasies they encounter in their work. Second, teaching and learn- 
ing are ultimately human enterprises rather than mechanical processes. 
The enthusiasm of a teacher matters in the learning process, and one 
important way to generate teacher enthusiasm is to give teachers owner- 
ship over what they do. Third, schools are loosely coupled organiza- 
tions. Often, hierarchical control from the top leads to little more than 
token compliance and procedural display at lower levels of the structure. 

Beyond these general reasons for providing a great deal of school 
site discretion, there is also a reason related to science education reform. 
If reform aims to promote reflective literacy, and if more informed, 
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locally contextual approaches to learning are required to develop 
reflective literacy, then teachers must engage in a flexible sort of peda- 
gogy that cannot be choreographed from on high. They need freedom 
to respond to students’ initiatives and to shape students’ interests and 
concerns into educationally worthwhile activ- 
Teachers must engage ities. This kind of freedom requires some local 
ee fle ee of discretion over issues such as budget, use of 
time, and grouping of students. 
pedagogy that cannot Although the goals of site-based manage- 
ment/shared decision making are important 
; for education in general and science educa- 
from on high. tion reform in particular, the common means 
used to achieve their objectives—committees 
or teams—may need to be replaced. These committees generally consist 
of administrators, teachers, and sometimes parents. The empirical evi- 
dence about site-based governance teams is equivocal (David, 1989). 
Of particular concern, however, is that such structures—even those 
focused on curriculum and instruction—may violate the guiding prin- 
ciple related to complexity. Rather than simplifying schools, they add 
both organizational and political complexity by bringing school board 
politics down to the building level and making every principal a highly 
politicized quasi-superintendent. 

Site-based management might be better realized by relying less on 
formally constituted site-based management teams and more on infor- 
mal mechanisms. Specifically, this would mean, among other things, 
appointing administrators who practice democratic decision making. 
Models of democratic leadership and decision making are rooted in 
several principles: eschewing the use of power, whether in the form of 
brute force or the iron fist covered by a velvet glove; being open to ideas; 
welcoming criticism; and basing decisions on evidence and argument 
(Argyris & Schon, 1975). 

It also may be better to rely less on bureaucratic mechanisms (rules 
and written policies) to run schools and school districts and more on 
cultural mechanisms (stories, myths, and rituals) that provide direction 
but also allow for greater discretion over how the belief system gets 
played out locally. Furthermore, when formal school and district poli- 
cies must be written, these policies should not be so general as to be 
meaningless but also not so tightly defined as to provide no discretion 
for individual schools and individual teachers. This strategy is espe- 
cially important in the area of curriculum organization. 


be choreographed 
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ORGANIZATION OF CURRICULUM 
State frameworks, district curricula, curriculum guidelines, textbooks, 
and other resources provide the basis for curriculum organization. 
Historically, curriculum documents either have been so general and 
vague that they have collected dust on office shelves and had little 
impact on classroom practice (often the fate of state and district curricu- 
lum guides) or they have provided a closely 
A commitment to followed script which has choreographed, to a 
large extent, the teaching and learning process 
(the role frequently played by textbooks). 
requires that learners If science education reform is to be suc- 
cessfully implemented, some middle ground 
between these two extremes must be found. 


frequent opportunities On the one hand, the need to reduce com- 
Py citiaed ne plexity in the lives of teachers suggests the 

need for curriculum materials that are more 
learning and than dust catchers. On the other hand, a com- 
mitment to reflective literacy, which in turn 
implies commitment to more student-centered 
learning and more inquiry-based teaching, 
requires that learners and teachers have frequent opportunities to structure 
the learning and teaching process. In addition, a successful curriculum 
should attend not only to science content itself, but also to assessment 
that is linked with instruction, allowing teachers to identify precon- 
ceptions and assess multiple areas and levels of student performance 
and literacy. 

In all of this, an appropriate balance between direction and discre- 
tion must be struck. Some might argue that the National Science 
Education Standards (National Research Council, 1996) provide the 
proper balance in specificity. They serve a useful political function by 
creating a large tent under which many groups and individuals who 
hold conflicting views can gather. However, Benchmarks for Science 
Literacy (American Association for the Advancement of Science 
[AAAS], 1993) is a tool that educators can use to design a curriculum 
that makes sense to them and that supports the interdisciplinary, 
reflective literacy that Project 2061 promotes. 

Reorganizing the curriculum around specific national, state, or local 
goals could, in the short term, introduce new complications for teach- 
ers. A greater and more effective use of computers and other technolo- 


gy might be one way to manage this added complexity. Technology’s 


reflective literacy 


and teachers have 


teachin 1g process. 
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potential as a teaching tool is only beginning to be explored. Computers 
and other technology, for example, could allow students to do highly 
complex simulations and help teachers keep detailed records of perfor- 
mance. However, the fact that today’s technology has a greater capaci- 
ty to accommodate complexity than technologies used in the past, 
does not, in and of itself, mean that the person using the technology 
has acquired a similar sort of ability. 

Although experimentation with relatively dramatic technological 
solutions to problems of curriculum organization may be useful, such 
experimentation should not preclude more modest and incremental 
explorations of the potential of existing technologies that support 
teaching. For example, new types of text material may be able to 
accommodate the ideas of science education reform and may even be a 
stimulus for change. The availability of selected individual modules and 
chapters could support teachers’ efforts to implement interdisciplinary 
curricula and allow flexibility in meeting students’ needs. 


ASSESSMENT AND EVALUATION 

The organization of assessment and evaluation is related to the orga- 
nization of curriculum. Assessment and evaluation, after all, are often 
the tails that wag the curriculum dogs. In fact, they are one of the few 
effective means of promoting hierarchical control in what is generally 
a loosely coupled system. These topics are developed in Blueprints’ 
Chapter 8: Assessment. Therefore, we merely wish to make the fol- 
lowing interrelated points: 

w A clear, operational definition of what it means to be scientifically 
literate is necessary to assess the mastery of benchmarks and standards. 
w Although traditional, standardized paper and pencil assessment 

methods meet individuals’ and organizations’ inevitable need for 
simplification, they can steer the curriculum away from some of the 
teaching and learning opportunities envisioned by science education 
reformers. 

w Authentic, performance assessments can better accommodate 
standards and benchmarks, but may introduce greater complexity. 

w Even so-called authentic assessment may be inadequate to assess 
both whether students can display knowledge and skills when called 
on to do so and whether they will use their knowledge and skills spon- 
taneously. Assessment of students’ ability to use knowledge and skills 
almost always requires observation by external evaluators and teachers 
over time, which may not be feasible in large-scale assessments. 
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ORGANIZATION OF STUDENTS 

If meaningful reform of classroom practice is to occur, changing internal 
commonplaces is at least as important as changing governance and 
curriculum. The grouping of students is the first of these internal, struc- 
tural variables. At least two significant changes are possible for success- 
ful implementation of reform: teachers, or teams of teachers, could 
work with multiage groups, and teachers, or teams of teachers, could 
work with the same group of students for more than one year. 
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Using either or both of these strategies would result in de facto 
changes in instructional practice. For example, if the class were com- 
posed of students with a wide range of ages, it would be difficult to per- 
petuate the myth that all students in a class are or should be at the same 
developmental level in science. Consequently, teachers would be less 
likely to rely exclusively on whole group instruction and common assign- 
ments. Additionally, a teacher who works with students over prolonged 
periods of time may feel less pressure to unnaturally and inappropriately 
force students to master science benchmarks by the end of a specific cur- 
riculum unit. The teacher may, in other words, be less anxious about cov- 
erage and more likely to use the benchmarks as developmental markers 
rather than as competencies which must be mastered at a particular 
time. Finally, these ways of organizing students allow for blurring the 
sharp distinctions currently made between science subjects and between 
science and other subject areas, enhancing interdisciplinary learning. 

Although both of these strategies add considerable complexity to the 
classroom, keeping students with teachers for more than one year 
should also simplify the teacher’s work somewhat. This is particularly 
true in the beginning of the year when teachers usually must get to 
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know a completely new class of 
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teacher for more than one year is 

likely to be unpopular with both students and their parents. These 
strategies break with tradition and disrupt people’s images of what 
school is and what it ought to be. They also require that parents and 
students reassess the notion of learning as simply a linear, additive 
process and teaching as a process of disseminating information. 

Although these concerns suggest that reformers proceed cautiously, 
the system must be shaken up at least somewhat if instructional prac- 
tices are to change and certain goals of science education reform are to 
be achieved. Altering the way we group students may be one way of 
doing this. 


ORGANIZATION OF TIME 

Another organizational structure that could, and perhaps should, be 
altered is the 50-minute class period. It is difficult to see how teachers 
can engage in flexible teaching, and how students can design mean- 
ingful inquiry in the fractured school day that exists in inost schools. 
Changes in school schedules could range from modest to relatively 
dramatic and include these three possibilities: double blocking, in 
which subjects remain discrete, but are taught in 100-minute periods 
for half a year rather than in 50-minute periods for the entire year; 
teaching, or team teaching, two or more subjects in a double period 
over the course of a year; and using a “mosaic” scheduling approach 
that combines longer and shorter blocks of time. These approaches 
have both potential benefits and costs. Double-blocking will broaden 
the repertoire of teaching strategies beyond lecturing, but increase the 
time devoted to seat work and teacher planning. Teaching two or 
more subjects in a double period will encourage curriculum integra- 
tion, but demand greater content knowledge of teachers. 
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Source: National Center for Education Statistics. (1991). Education in states and nations, 
Washington, D.C.: Author. 


The mosaic approach alters the existing organization of time in 
schools most radically. This might be considered a virtue, yet because it 
considerably complicates the school environment, its viability seems 
doubtful. In most schools, flexibility might be better provided by assign- 
ing a block of periods and a particular space to a group of teachers and 
their students rather than trying to implement the mosaic model school- 
wide. Such a strategy creates schools within schools, providing flexibility 
without altering the traditional period organization. 


ORGANIZATION OF STAFF 

Creating relatively small units of teachers and students with large degrees 
of control over their use of time and space has several advantages. First, 
reducing the size of an organization reduces the number of variables 
that must be taken into account when scheduling, thus making more 
sophisticated use of time possible. Also, when size is limited, teams of 
teachers can develop schedules through face-to-face interaction, thus 
permitting more improvisation and negotiation. 

Teaming also opens the door for more interdisciplinary work, which 
may be necessary simply to cover, in something other than a didactic 
way, the vast number of benchmarks. If responsibility for science literacy 
is limited to science and mathematics classes and an occasional class 
in technology, teachers may be overwhelmed by coverage anxiety and 
resort to didactic teaching and rote learning. Finally, teaming provides 
opportunities for mentoring and helps newcomers to develop profes- 
sional practice in a supportive group. 

Despite these potential advantages, teaming and schools within 
schools should not be viewed as panaceas. The idea of schools within 
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schools has been around for some time, but in most places it has not 
taken hold. If science education reformers endorse the notion of team- 
ing—and the emphasis on joint planning and commitment to making 
connections across disciplines and fields virtually requires a team 
effort—they must also realize that various supports are needed to 
make teaming work. Teachers, for instance, need substantial periods of 
time to work together—ideally a large block of time once a week—for 
planning. One way to create time during school is to engage students 
in community service, extracurricular activities, apprenticeships, inde- 
pendent projects, or similar activities one day a week. This strategy, of 
course, may add to the complexity of schooling because placements 
need to be arranged and students need to be monitored. Other activities, 
such as athletics, the arts, and library research, can be scheduled with- 
out a great deal of extra effort. 
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Source: Cawelti, G. (1994). High school restructuring: A national study, Arlington, VA: 
Educational Research Service. 


Team members also need training in handling conflict productively 
and in using planning time effectively. This means more than an occa- 
sional in-service session. Rather, coaches are required, at least during 
the beginning stages of team building and, ideally, beyond this point. 
Money currently devoted to formal staff development programs might 
be used to support this more informal approach to creating “learning 
organizations.” University resources might be employed to support 
team-coaching programs. Other resources and professional networks 
may be needed in rural areas. However, the limited empirical informa- 
tion available from professional development schools suggests that 
these staff support and development activities also add complexity to 
school life. 
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ORGANIZATION OF SPACE 

Altering physical space can be an effective agent of change. The way 
we organize space sets the stage for certain things to happen and 
sends important symbolic messages. Tearing down walls literally can 
lead to tearing down walls interpersonally. (Of course, in many archi- 
tecturally open schools built in the 1960s and early 1970s, teachers 
simply built makeshift walls.) The following strategies may support 
science reform: 

w The science-mathematics-technology laboratory could become 
the center of the school much as the media center is now. 

@ To emphasize connections across scientific fields, laboratories for 
the individual disciplines could be combined. 

w To encourage connections across mathematics and the sciences, 
these classrooms might be grouped together, and meeting space for 
teachers and students might be provided in that pod. Conversely, for 
more extensive interdisciplinary work, mathematics and science teach- 
ers could be dispersed throughout the building. 

One other way to “shake things up” in schools from a space stand- 
point is to let students out into the community. Yet, opening school 
doors adds tremendous complexity to school organization. The moni- 
toring of student attendance, for example—a traditional function of 
schools that is not likely to be abandoned—becomes considerably 
more difficult when students are spread throughout the community. 

Even if we treat the process of opening up schools to the community 
more metaphorically than literally by bringing community members 
into the school, we still add complexity to school and classroom life. 
What is an administrator or biology teacher to do when the local asso- 
ciation of fundamentalist ministers offers to teach a course in scientific 
creationism? Although school boards and other entities can limit 
potential conflicts, teachers and administrators will still spend consid- 
erable time negotiating varying agendas and other issues introduced by 
an open-door policy. Because of this potential, before a school or 
school system considers such reorganizations of space, it should weigh 
the costs along with the benefits. 


SOME FIRST STEPS TOWARD CHANGE 
As we have seen, the change process itself inevitably adds complexity 


to organizational life. Change disrupts organizational stability, and this 
disruption adds a degree of unpredictability to the already complicated 
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process of schooling. It is as if we must transform a car into an airplane 
(or possibly a rocket ship) while still driving the car down the road. 
How can we manage such a process without crashing the vehicle? The 
experiences of Project 2061’s San Francisco School-District Center 

a illustrate some of the general principles of 
It 15 as of we must implementing reforms. 

The district developed a technology of 
j teaching called “challenge-based learning,” 
an airplane while which involved organizing units around a 
challenge to students such as building a kayak 
that would float a specified distance. (See 
down the road. Blueprints’ Chapter 6: Curriculum Connections 

for a more detailed description of this challenge 
activity.) In short, challenge-based learning 
balanced direction and discretion. 

There was a conscious effort to accommodate the varying interest lev- 
els of schools and teachers in the district. Not all teachers in the district 
were expected to implement challenge-based learning, for instance. 
Equally important, the district offered strategies to help teachers who 
might be persuaded to teach this way. Interested teachers could move 
incrementally toward this sort of teaching, beginning with kits and 
later moving on to create their own challenge-based learning units. 

The director of the local initiative was amazingly patient and posi- 
tive—the quintessential example of someone who waits for and makes 
the most of teachable moments. He truly believed that teachers would, 
in time, see the worth of reform ideas and, consequently, that they did 
not have to be manipulated into “buying in.” The director was not, 
however, a totally passive change agent. He engaged in selling reform 
ideas to the district’s teachers and administrators. He was, in fact, a 
consummate practitioner of cultural leadership. 

The antithesis of a bureaucratic strategy was also employed to link 
science education reform with the many other initiatives going on in 
the San Francisco Unified School District. There was no attempt to 
bring these initiatives under one governance structure, undoubtedly an 
impossible task. Rather, attempts to coordinate the science education 
strategy with other district initiatives were characterized by informality, 
serendipity, and improvisation. 

San Francisco’s Project 2061 team was always recruiting new mem- 
bers, rather than having a small group of insiders run the project and 
risking resentment by other teachers in the district. The team contin- 


transform a car into 


still drivin ig the car 
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ued to expand: new members joined as some older members took a 
sabbatical from direct involvement and other, older members opted 
back into direct participation. Programs such as summer school or 
special after school programs were used to increase involvement and 
bring in new members. Programs like these, outside the regular school 
day, provided opportunities to experiment with different ways of 
teaching without having to contend with many of the constraints of 
the regular school setting. This strategy, in short, was a way of mini- 
mizing complexity; it was, in a sense, another example of the district’s 
gradual approach to change. 

This sketch of one district’s efforts to implement reforms is impor- 
tant because it provides evidence that Project 2061's ideas are begin- 
ning to take hold (albeit, quite slowly and less than completely). ‘This is 
a viable model for how to drive the car while simultaneously trying to 
make it soar. The process is messy, slow, and incremental, but it illus- 
trates a fundamental principle that cannot be ignored: the need to rec- 
ognize and somehow accommodate the organizational complexity of 
schools. 


RECOMMENDATIONS 


This chapter has focused on the organization of governance, curricu- 
lum, assessment and evaluation, students, time, staff and instruction, 
considering how each might be altered to implement Project 2061's 
vision of science teaching and learning. Historical analysis alerts us to 
the need to simplify complexity in organizational life. This need has 
led to amazingly stable structures in schools—structures to which 
schools generally revert in the face of the increased complexity that 
reform efforts create. This does not mean that change in school orga- 
nization is impossible, rather that reformers must move incrementally 
and acknowledge the need for simplification and resistance to change. 

As reform progresses, recommendations for change will be developed. 
Among potential recommendations to support the vision of science 
education reform in the organization of science and mathematics edu- 
cation, in this chapter we have identified these: 


ORGANIZATION OF GOVERNANCE 


® Rely on informal approaches that use democratic models of lead- 
ership and shared decision making. 
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m Make use of cultural mechanisms that provide direction, yet allow 
for discretion in how details develop. 


ORGANIZATION OF CURRICULUM 

w Materials (e.g., state frameworks, texts) must strike a balance 
between direction and discretion. Technological solutions to curriculum 
organization may support this balance, although textbooks that consider 
this need may be sufficient. 


ORGANIZATION OF ASSESSMENT AND EVALUATION 

m Use performance-based assessments to better accommodate the 
vision of science literacy. 

m Understand that observation is a key component of assessing stu- 
dents’ abilities to think critically and spontaneously. 


ORGANIZATION OF STUDENTS 

m Use of multi-age grouping can lead to significant changes and 
deserves serious consideration; however, the age range for any individ- 
ual teacher should be limited. 

w Have a teacher or team of teachers work with the same students 
for more than one year to foster long-term understanding and literacy. 


ORGANIZATION OF TIME 

@ Allot a block of time periods and space to a group of teachers 
and students, providing flexibility to implement curriculum integration 
and student-centered learning. 


ORGANIZATION OF STAFF 

m Support team teaching by providing a large block of time once a 
week for planning. 

m Provide staff development focused on productive use of planning 
time, team building, and conflict resolution necessary for creating 
informal “learning organizations.” 


ORGANIZATION OF SPACE 

m Make the science-mathematics-technology laboratory the center 
of the school, focusing student learning activity there, much as current 
media centers do. 

= Combine laboratory space for biology, chemistry, earth science, 
and physics to emphasize connections across subjects. 


120 BLUEPRINTS FOR REFORM 


a a 


™ Combine mathematics and science classrooms to encourage con- 
nections among them. Alternatively, intersperse science and mathematics 
classrooms throughout the building for more extensive connections to 
other disciplines. 

® Send students into the community or bring the community into 
classrooms, realizing that approaches need to be developed to reduce 
the inevitable complexity of doing so. 

As noted previously, change naturally disrupts organizational stability 
and thereby adds a degree of unpredictability to the already complicat- 
ed process of schooling. We must therefore move cautiously, avoid 
change for change’s sake, and be sensitive to the need to simplify com- 
plexity. But change in school organization is possible—indeed it is 
necessary if the goals of science education reform are to be achieved. 
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Curnculum Connections 


THIS CHAPTER SEEKS TO ILLUSTRATE how standard K-12 curricula in 
the United States can foster the science learning called for in Science 
for All Americans (American Association for the Advancement of Science 
[AAAS], 1989). By recommending increased emphasis on connections 
between science and other disciplines—naturally occurring connections 
in the physical and biological world studied by scientists that traditional 
science curricula rarely emphasize—we suggest that educators can 
encourage students not only to know scientific facts but also to view 
the world scientifically. 

This chapter provides rationale for connecting what students learn 
in school through interdisciplinary links, real-world connections, and 
connections to the world of work. We present five case studies of attempts 
to explore and define curriculum connections in those contexts and 
identify some principles that contribute to a well-coordinated curriculum 
consistent with the goals of Project 2061 and other science education 
reform efforts. This chapter does not offer teachers specific guidelines 
for implementing interdisciplinary curricula—our intention is to inspire 
rather than to prescribe the development of curriculum connections. 
Changing aspects of the school structure, such as the use of time and 
space in schools, as described in Blueprints’ Chapter 5: School Organ- 
ization, can help teachers to act on this inspiration. 


THE CURRENT STATUS 


Each day, children of all ages apply scientific principles or engage in 
scientific activities as part of their normal routine. An interest in the 
local baseball team leads thousands of youngsters to compute batting 
averages or to understand why the famous Chicago winds favor hitters 
at Wrigley Park one day and pitchers the next. A child who loves 
dancing gains new understandings of human biology and physiology 
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and uses those understandings to develop an intuitive framework for 
understanding the physical world. 

Unfortunately, these activities and interests are cultivated too infre- 
quently in schools. Lessons or units have specified starting and ending 
times so students can move on to something else. In addition, the 
lessons and units are almost always presented in tidy packages in sub- 
jects such as Chemistry, Art, or History. Students are rarely asked to 
apply what they have learned to solve problems that they design or 
that are relevant to their lives. While Science for All Americans acknowl- 
edges the importance of disciplines for their ability to provide a con- 
ceptual structure for organizing research, it also recognizes that the 
divisions between disciplines do not necessarily match the way the world 
works and can skew learning and limit understanding. 


As technology and the 


continuing communica- Some important themes pervade science, 
tions revolution make our mathematics, and technology and appear over 
world ever smaller and and over again, whether we are looking at 
more complex, individuals | an ancient civilization, the human body, 
will increasingly need to or a comet. They are ideas that transcend 
synthesize multiple strands | disciplinary boundaries and prove fruitful in 
of information to make explanation, in theory, in observation, and 
informed decisions about in design.” —SCIENCE FOR ALL AMERICANS 


their lives and their com- 

munities. Because these strands of information will not come equipped 
with tidy labels of Chemistry, Art, or History, people will need to con- 
nect what they know to new information to construct new knowledge 
and craft better solutions. Individuals who succeed in making those 
connections and in understanding some of the ways in which mathemat- 
ics, technology, and the sciences depend on each other will have achieved 
one facet of what Science for All Americans defines as science literacy. 


WEAVING CONNECTIONS 

Fortunately for science education reformers, curriculum connections is 
an idea whose time has come. Available literature on the subject grows 
daily, and conferences publicizing interdisciplinary curriculum models 
attract significant numbers of participants. Nonetheless, even in schools 
that appear to be at the forefront of establishing interdisciplinary con- 
nections, the gulf between the humanities and the sciences often 
seems impassable. For example, the humanities and sciences are still 
taught in separate blocks in many schools that belong to the Coalition 
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of Essential Schools, a nationwide reform movement that stresses cur- 
riculum connections (Sizer, 1989). 
Educators should work to bridge this chasm for two main reasons. 
First, to be science literate, citizens must be able to draw on knowledge 
inside and outside the fields of science and mathematics. Second, and on 


Understandability of the World 


This strand map shows an array of benchmarks that deal with the understandability of the 
world. Students in the grade levels indicated could be expected to understand these ideas. 


oats 


Models are often 


6-8 


used to think about 
processes that happen 
too slowly, too 
quickly, or on too 
small a scale to 
observe directly, or 
that are too vast to be 
changed deliberately, 
or that are potentially 
dangerous. 


A 


| Seeing how a model 
© | works after changes 
are made to it may 
suggest how the 
real thing would 
work if the same 
were done to it. 


* 


A model of some- 


K-2 


thing is different 
from the real thing 
but can be used to 
learn something 
about the real things. 


4. 


The usefulness of a model can be tested by comparing its predictions to 
observations in the real world. But a close match does not necessarily mean 
that the model is the only “true” model or the only one that would work. 


Fas 


Some aspects of rea- 
soning have fairly rigid 
rules for what makes 
sense; other aspects 
don't. If people have 
rules that always hold, 
and good information 
about a particular sit- 
uation, then logic can 
help them to figure 
out what is true about 
it. This kind of rea- 
soning requires care in 
the use of key words 
such as if, and, not, or, 
all, and some. 
Reasoning by similar- 
ities can suggest ideas 
but can’t prove them 
one way or the other. 


a 


One way to make sense of 
something is to think how it 


is like something more 
familiar. 


One way to describe 
something is to say 
how it is like some- 
thing else. 


Different models 
can be used to rep- 
resent the same 
thing. What kind of 
a model to use and 


An analogy how complex it 
has some should be depends 
likenesses on its purpose. 
to but also The usefulness of 


some dif- 
ferences 
from the 
real thing. 


a model may be 
limited if it is too 
simple or if it is 
needlessly compli- 
cated. Choosing a 
useful model is one 
of the instances in 
which intuition and 
creativity come 

into play in science, 
mathematics, 

and engineering. 


Geometric figures, number 
sequences, graphs, diagrams, 
sketches, number lines, maps, 
and stories can be used to repre- 
sent objects, events, and process- 
es in the real world, although 

| | such representations can never 

i | be exact in every detail. 


Many of the toys children play with 
are like real things only in some 
ways. They are not the same size, 
are missing many details, or are not 
able to do all of the same things. 
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a far more pragmatic level, as American students are called on to master 
an ever-expanding body of knowledge, using junctures across the curricu- 
lum will eliminate needless redundancies and enable teachers to use time 
more efficiently. 

Interdisciplinary links are the most obvious way to approach cur- 
riculum connections. Whether by examining the mathematical struc- 
tures of music or studying carbon dating while learning about Mayan 
culture, interdisciplinary connections make scientific principles tangible 
to a wide variety of students. Teachers can use them to streamline lesson 
planning and reinforce the content learned in several subjects at once. 
Learning in multiple and meaningful contexts enhances students’ abil- 

ities to build knowledge and understanding of 
Providing a link science and its relationship to other disciplines. 
ip she Hideo Linking science education to the real world 

offers another approach to curriculum con- 
world through nections. Providing a link to the student’s 
own world through contextual learning can 
be a powerful motivating factor. Blueprints’ 
can be a powerful Chapter 11: Family and Community address- 
es this issue. It encourages schools and parent 
organizations to help families recognize that 
they can make science education more rele- 
vant for students by nurturing their children’s natural curiosity, posing 
questions, asking children to create hypotheses, and helping children 
recognize that science is an important part of their everyday lives. 
Doing science every day is one way of learning science, and young 
people should be encouraged to discover science in their homes, their 
backyards, and their communities. 

Once students understand how science impacts their everyday lives, 
it becomes easier for them to see connections between science education 
and the world of work. Strengthening these connections is particularly 
valuable to those students who are oriented more toward the working 
world than to the academic world. This importance has been con- 
firmed in reports such as the Secretary's Commission on Achieving 
Necessary Skills (SCANS) (U.S. Department of Labor, 1991), which 
suggests that many students are unable to find and hold good jobs 
because they are unable to apply what they learn in school to the 
world of work. Some scientists and other professionals graduate from 
higher education without knowing how scientific knowledge, concepts, 
and methods are applied to problem solving in larger systerms—natural 


contextual learning 


motivating factor. 
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systems or design and production systems—that are addressed in the 
working world. The SCANS report calls for changes in our education 
system that will make learning more concrete and require that students 
be competent in problem solving, reasoning, and communication, which 
will ease their transition from school to work. 


NEEDED CHANGES 


Restructuring science curricula is an ambitious goal. It is unlikely that 
interdisciplinary approaches can simply be grafted onto existing curricula, 
most of which are noteworthy for their fragmentation. Project 2061, for 
example, calls for a complete rethinking of how we teach science in the 
United States. At the school site, this might result in blocking time 
for a fully integrated program, realigning a conventionally structured 
curriculum to highlight connections between disciplines, or any of the 
myriad alternatives that combine elements of both approaches. Many 
schools are already launching curricular revolutions to undertake this 
ambitious task. The next section describes alternatives developed at five 
of those special places 

The following examples provide specific ideas for making the neces- 
sary changes to establish connected curricula. These projects are proto- 
types of the kinds of curriculum connections that address benchmarks 
and standards. They illustrate that all players—not just science educa- 
tors—must be involved in planning and implementing reform, and 
they show that reform needs time to develop in order to address how 
children learn as well as what they learn. 


INTERDISCIPLINARY CONNECTIONS: To Buitp A Kayak 
Project 2061’s San Francisco School-District Center works with six 
district schools to develop and implement K-12 curriculum models 
that achieve the learning objectives outlined in Science for All Amertcans. 
Although these educators work within the confines of the existing 
educational system, their emphasis on Project 2061’s goals allows them 
to introduce some non-traditional activities into the curriculum. For 
example, several of the schools work with curricular models for inter- 
disciplinary learning. Interdisciplinary units are often organized not 
around central themes but around imagination, curiosity and skepti- 
cism, or “challenges” to a belief or action. A tangible product, usually a 
project or presentation, is required as evidence that students have met 
each challenge. 
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While this type of activity may sound abstract to the layperson or to 
teachers who have seen more than their share of impractical educational 
theory, the San Francisco team has enjoyed several successes using these 
curricular models. One successful challenge involved nine teams of three 
middle school students who were charged with building a kayak in three 
weeks. The kayak—to be constructed with only plastic tape and card- 
board—had to be sufficiently sound to carry a student on water. The 
need for students to integrate a variety of mathematical and scientific 
knowledge and skills to meet this challenge is obvious—it required 
familiarity with mass, volume, density, buoyancy, flotation, and water 
displacement, and it required students to engage in scientific inquiry to 
measure; compute areas, volumes, and ratios; and use their understanding 
of scale to construct a model. 

Although many educators may have been satisfied with this mean- 
ingful integration of various science disciplines and mathematics, the 
San Francisco team saw a history in the kayak that connected it to many 
other disciplines. During the three-week unit, students studied the 
history of the kayak, examined the culture of the Aleutians and Inuits— 
decorating their boats with Inuit art—and learned the geographic rela- 
tionship of the Bering Strait to the Arctic Ocean. They studied relations 
between the Aleutians and the Russians, reviewed the region’s 
place in the Cold War, and discovered where their small experiment in 
boat building fit in the technological history of boats and transportation. 
When the students launched their boats for a 100-yard race at the end 
of the challenge, they were evaluated on team cooperation, boat design, 
and aesthetics; their understanding of the key science and mathematics 
concepts embedded in the experience; and, most importantly, the ability 
of the boat to float (all nine boats floated, with one clear winner). 

This challenge addressed several benchmarks, including understand- 
ing the relationship between technology and design, knowing physical 
laws related to mass, and applying mathematics. In addition, designing 
and building the boats gave students the means to develop their ability 
to question, hypothesize, and solve problems—skills that Science for 
All Americans dcfines as key to science literacy. 


Rear Wor.Lp CONNECTIONS: TAKING AN URBAN SAFARI 
The UCLA Science Project gives K-8 teachers in the Los Angeles 
County School District the opportunity to practice new strategies of 
science teaching during intensive two-week summer institutes. One of 
these institutes leads teachers on a safari in the urban landscape of Los 
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Angeles. The dual purpose of the urban safari is to overcome the lack 
of confidence that many teachers—especially elementary teachers— 
have in their ability to teach science and to challenge the misconcep- 
tion that science is an arcane discipline whose activities take place in a 
laboratory or other remote site. 

Using only inexpensive and makeshift items such as empty tape 
cassette boxes (which, when dabbed with crumbs and sugar, were per- 
fect for catching bugs), groups of teachers were sent to explore a vacant 
lot, a maintained yard, a parking lot, and a construction site. The groups 
were given questions to help guide their searches, such as, How do 
some plants adapt to growing through sidewalk cracks? How did the 
seeds get there? Is the animal life there self-supporting or supported 
by human intrusions such as garbage or gardens? Gathering air tem- 
perature and humidity data over concrete, grass, and puddles expanded 
teachers’ experiences. 

The participants’ investigations were guided by the loose charge to 
pull together aspects of their study to illustrate one of the five themes 
in the California Science Framework: energy, evolution, patterns of 
change, scale and structure, and systems and interactions. Given this 
charge, the teachers saw the unlimited possibilities for investigation 
and realized that they could undertake the activity at various levels of 
depth and sophistication. They discussed replicating the exercise in 
their own communities, with many teachers noting that they could 
extend the experience by having students observe changes in one small 
site over the course of the school year. 

The urban safari not only helps 
teachers overcome some of their fears 
about teaching science, it also offers them 


Benchmarks for Science Literacy 
Chapter 12: Habits of Mind 


A. Values and Attitudes 

B. Computation and Estimation 
C. Manipulation and Observation 
D. Communication Skills 

E. Critical-Response Skills 


Science for All Americans 

“Taken together, these values, 
attitudes, and skills can be thought 
of as habits of mind because they 
all relate directly to a person's 
outlook on knowledge and learning 


and ways of thinking and acting.” 


strategies for connecting science mean- 
ingfully to the world in which their stu- 
dents live. This exercise serves a wide 
range of objectives outlined in Sctence 
for All Americans, Benchmarks for Science 
Literacy (AAAS, 1993), and the National 
Science Education Standards (Standards) 
(National Research Council, 1996): 
understanding the physical setting 
(weather, erosion, water and rock cycles, 
and structure of matter) and the living 
environment (diversity of life, cells, food 
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cycles) and encouraging students to develop desirable habits of mind. 
This strategy, when combined with knowledge of the local environ- 
ment and clearly-defined goals for a student-conducted safari, can be a 
powerful means for teaching science in the elementary grades. 


CONNECTIONS TO THE WORKPLACE: 

CREATING A FUNCTIONAL ELITE 

The humanities and fine arts curricula are strong at the Thomas 
Jefferson High School for Science and Technology. Design, writing, and 
performance are emphasized at this exclusive magnet school for the 
mathematics and science whizzes of northern Virginia. Graduating 
seniors are required to produce an intensive research project, often 
conducting their research under the guidance of industrial mentors in 
government and private laboratories. 

Jefferson’s curriculum is organized into a labyrinth of interdisciplinary 
blocks that produce such unconventional classes as a three-hour block 
called “Biology, English, and Introduction to Technology.” The deci- 
sion to integrate the core classes arose in part from a desire to replicate 
problem solving in a work setting. Along these lines, technology is 
considered a tool to be used for learning rather than the object of 
study itself and so is combined with other core classes (Barth, 1993). 

Jefferson’s innovative academic program has evolved in partnership 
with business and industry. The support of these partners is evident in 
both curriculum and facilities, including funding for the school’s 
eleven technology labs. In the mentorship program, seniors interact 
with professionals from the scientific, engineering, technological, and 
industrial communities during their independent research project. 
Mentorships sponsored by Atlantic Research Corporation have assisted 
such student projects as “The Fabrication of a Gyro Utilizing Fiber 
Optic Technology,” while BDM and Martin Marietta Gould have 
helped Jefferson seniors solve problems related to automation and robotic 
systems. Jefferson students are consistently recruited by top universities 
in science and engineering, and corporate interests view their partici- 
pation as an investment paying off in future employees. Private funding 
and employee mentorships continue to flow to Jefferson as its graduates 
become known as the future work-force elite. 

The success of Jefferson High School is due in large part to the 
curricular innovations that break down interdisciplinary barriers; the view 
that all academic work—the arts, humanities, and sciences—can be 
applied; and the direct involvement of field practitioners in providing 
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educational services. The careful admissions screening process also 
contributes to the school’s success. The exclusive nature of Jefferson’s 
students has cast some doubt on the replicability of the program. While 
principal Geoffrey Jones admits that the quality of his students affords 
him a luxury of flexibility that many principals do not have, he believes 
that Jefferson's interdisciplinary approach and block scheduling could 
be used by all high schools. In addition, he insists that learning for 
students with lower achievement records as well as for Jefferson’s self- 
starters should be driven by students’ questions and their attempts to 
answer them. It is the same theory around which Henry Levin's 
Accelerated Schools (Levin, 1987) have had success at improving the 
learning of students labeled “at-risk.” 

The approach at Jefferson clearly matches the goals of Project 2061, 
which stresses the connections between disciplines as seemingly disparate 
as biology and English. While Jefferson's exclusivity allows its science 
curriculum to exceed the guidelines for science literacy outlined in 
Science for All Americans, the curricular structure of its program, the 
emphasis on student-generated problems, and the mentorships could 
be adopted by schools seeking to implement new frameworks for science, 
mathematics, and technology. In addition, if schools can convince busi- 
nesses that their aims should be to make all schools like Jefferson (or at 
least to encourage all schools to aspire to that goal), they would be well 
on their way to gaining crucial political and, perhaps, financial support. 


CoNNECTING THE DISCONNECTED 
In stark contrast to Jefferson stands Middle College High School, on the 
campus of LaGuardia Community College in Queens, New York. For 
eighteen years Middle College High has opened its doors to students 
identified by their junior high counselors as chronic underachievers or as 
having emotional or behavioral problems. Principal Cecilia Cullen 
explains that the key to keeping these students in school is to pique their 
interest quickly, and she has turned to nontraditional methods to do so. 
Middle College was initially established as a New York City “alter- 
native school.” Six years ago it joined Ted Sizer’s Coalition of 
Essential Schools (CES), a reform endeavor that often stresses, in 
addition to student-centered learning, a schedule that blocks time for 
interdisciplinary courses. While many CES schools offer one block of 
interdisciplinary classes in the sciences and another in the humanities, 
Middle College High is leading the move towards linking the two. 
One of Middle College’s most successful attempts at forming these 
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linkages is a 13-week unit called “The Motion Program,” in which 
seniors explore the concept of motion through the study of literature, 
mathematics, physics, and physical education. The physical education 
component of the program, Project Adventure, calls for such activities 
as the “Spider’s Web,” where an entire group of students moves through 
a giant nylon web without touching the web material. The school 
principal credits Project Adventure with a large share of the school’s 
success in reaching its students and with developing their problem- 
solving capabilities. 

The literature strand of the unit examines the ideas of motion, move- 
ment, and change through fiction, nonfiction, and poetry. In addition to 
their reading assignments, students are asked to write a play scene apply- 
ing Newton's laws to the interaction of people. Physics and mathematics 
are combined and team-taught, emphasizing collaborative experimen- 
tation that leads students to a fundamental understanding of motion, 
especially of phenomena that may seem counterintuitive to them. 

Career education is the central and integrative experience at Middle 
College High. The Avon Corporation and local hospitals are the stal- 
warts of a long-running internship program in which more than 350 
public and private sector organizations participate. All students are 
required to take three internships over the course of a four-year career. 
While teachers admit that the quality of internships varies—interns 
may be animal behavior lab assistants at a museum or they might be 
performing clerical tasks in the mailroom—all emphasize the overall 
success of integrating internship with school activities. 

The average combined SAT scores of Middle High graduates have 
risen by 200 points since the school joined the Coalition of Essential 
Schools. In addition, about 85% of Middle High students—once target- 
ed as likely drop-outs—graduate from high school. Almost 80% of 
graduates attend two- or four-year colleges. Internship sponsors pro- 
vide positive feedback and many organizations participate in the pro- 
gram year after year. 

The school principal noted that many Middle College teachers ini- 
tially resisted developing interdisciplinary curricula or cooperating with 
their colleagues. Only a handful of teachers are still resistant, but science 
education reformers should acknowledge the potential for difficulties 
when implementing an integrated curriculum. 

Middle College High is undoubtedly a work in progress. The school 
recently launched a process to articulate academic goals for its students 
that will serve as the framework for further design and assessment. 
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Adding formal learning goals will clarify the purpose of the interdisci- 
plinary units at Middle College and ensure that student learning is fore- 
most. In addition, it may define expectations for the uneven internship 
program, especially if outcomes are linked to better means of assessing 
student performance off campus. It is noteworthy that Benchmarks would 
fit neatly within Middle College’s structure; its well-defined learning 
goals could bring needed coherence to a program that has already 
accomplished much. 


ConNECTIONS ALL AROUND: 

First...You Get a CaBOOosE 

Located directly across the Susquehanna River from Harrisburg, 
Pennsylvania, the Susquenita Public School District serves just 2,500 
students with one high school, one middle school, and one elementary 
school. Superintendent Steven Messner and colleague Thomas Campbell 
were early converts to the cultural literacy movement, believing that 
public school may be their students’ only exposure to art and literature. 
Their first step was to introduce famous paintings into the entire school 
curriculum. When told by a science department chair that there was no 
art in science, Campbell produced a National Geographic article about 
the painstaking and often scientific process of renovating paintings in 
the Sistine Chapel. Soon, Susquenita students were learning about art 
with their chemistry. 

The real breakthrough in integrating the district’s curriculum occurred 
when the schools restored a railroad caboose. The caboose was to be a 
standing testimonial to this railroad community's history, serve as a work- 
ing science and technology lab for students to gain tangible experience 
with the abstractions they learn in the classroom, and provide regional 
artists and storytellers with a means to keep local culture alive. 

Most of the preliminary work involved coordinating the caboose’s 
move from the railyard to an interim home near the high school. With 
Conrail (the caboose’s donor), the city, and volunteer crews, high-school 
students planned the move while the rest of the student body researched 
railway technology, probed the local rail culture, researched drawings to 
prepare for renovations, and even cannibalized rail yards for authentic 
parts. The senior class documented the move to demonstrate the mathe- 
matical and scientific concepts applied in this task alone. 

Messner and Campbell wanted a section of the track where the 
caboose would ultimately rest to curve. The geometry teacher assigned 
the problem to her students, who gave the work crew the arc for the 
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rail on the day the track was to be laid. On examining the plans, the 
crew offered the class the opportunity to stake out the curve according 
to the design they had made. When they ran into difficulty, the class 
received an impromptu geometry and history lesson as the carpenter 
staked out a center arc and made parallel lines with string. 

Although secondary students were the most active in the plans and 
negotiations, the younger students got involved by learning about trains 
and train culture. First-graders were not merely told how trains run on 
rails, but were given wooden block models with which they could design 
a plan to keep their own “train” on its “tracks.” They tried to pull 
wooden blocks along lengths of 2x4s without having them fall off. For 
weeks, Campbell had children in the lower grades greet each other with 
a secret handshake: interlock cupped fingers and pull. Children were 
thrilled to find when they visited the caboose that their secret hand- 
shake mimicked the way rail cars fit together. 

Although Susquenita’s endeavor may seem haphazard, the spontaneity 
of the activity made the schools exciting places where students were 
encouraged to explore, follow connections on their own, and develop 
their own solutions to problems. And the caboose theme provided for- 
tuitous links to technology, cultural literacy, and scientific and mathe- 
matical principles. While Messner and Campbell cannot point to a 
traditional measure of the project such as test scores, they do indicate 
that the number of students pursuing postsecondary education has 
increased during their tenure. Also, students and the community have 
surely benefited from so much effort and hard work. Sometimes what 
has value cannot be easily measured. 


MAKING CONNECTIONS 


The examples in the previous section are initial attempts, works in 
progress. They do not necessarily define what we believe are comprehen- 
sive models for integrated curriculum. And although they were not all 
designed to meet the learning goals of Benchmarks and Standards, they 
do represent important first steps toward the type of learning and teach- 
ing that is advocated by Project 2061. Other examples of this kind of 
work, including full curriculum projects, are becoming available (see the 
May 1996 issue of Educational Leadership for descriptions of some of 
these curricula). Each of the case studies and other exemplars of inter- 
disciplinary curricula has unique characteristics. It is possible, however, 
to draw from them some general principles about connecting curricula: 
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@ The most effective curriculum connections are designed at the school by 
people directly involved with the school. 

Stamped-out curricula tied to written-to-formula textbooks have served 
teachers and students notoriously poorly in the past. Even if we disre- 
gard the growing sentiment that teachers and administrators must be 
given the freedom to design instruction relevant to their students, the 
resistance of many teachers to top-down mandates implies that those 
implementing science education reform must drive its local design and 
application. This is not necessarily to say that all the designers must be 
educators; Jefferson High, Middle College High and the Susquenita 
district all effectively involve community representatives. Projects such 
as those, however, must ultimately be created through the collective 


effort of the school staff. 


@ Curriculum connections need a focus. 

Whether it’s a theme, a San Francisco-style challenge, something physi- 
cal like the caboose, or a particular object, each interdisciplinary unit 
needs to have obvious and tangible connections for students to build 
from the concrete to the abstract. Teachers also report that having a 
focus eases their task of developing connections to other subjects. 


@ Curriculum connections should not be forced. 
Connections should not be sought for the sole purpose of developing 


an interdisciplinary unit. Individual science disciplines did not develop 
out of a perverse desire to make school tedious and disconnected. 
Each discipline has unique features that sometimes dictate the neces- 
sity for discrete instruction. Scientific inquiry differs from historical 
inquiry, for example, and students should learn both. Understanding 
that mathematics in the abstract has a beauty of its own is as important 
as understanding that mathematics has important real-world applica- 
tions. There is no magical formula for finding the balance between 
discrete instruction in subjects and integrating them. Teachers who 
understand both the content and students’ needs will be able to strike 
the appropriate balance for each situation. 


w Connections should be linked to something worth knowing. 

While there might be great debate even among teachers in the same 
school about what is “worth knowing,” benchmarks and standards will 
provide specific learning goals on which to base curriculum connections. 
As states and districts move to adopt content standards and develop 
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their own frameworks, science educators should move to ensure that 
those frameworks reflect the content that is most central to achieving 
science literacy. 


NEXT STEPS 


Developing interdisciplinary curricula is one of the most daunting 
tasks teachers face in the current wave of reform. In many cases, how- 
ever, it is taking place almost by default. Teachers indicate that the 
standards developed by the National Council of Teachers of 
Mathematics (1989), which are consistent with the mathematics con- 
tent of Benchmarks, have influenced them to teach in ways they never 
before imagined, such as having children use mathematics to solve 
problems in social studies and science. These reports come primarily 
from elementary and middle school teachers, many of whom are still 
guided by state-mandated curricula and textbooks and prescribed time 
allotments. Even so, elementary schools offer the advantage of class- 
rooms that are managed primarily by one teacher. Therefore, they still 
offer the easiest environment in which to develop curriculum connec- 
tions. Science education reformers should work to support state poli- 
cies that encourage these endeavors at all levels. 

Though team teaching and the interdisciplinary approach in middle 
schools are experiencing the growing pains typical of any change in 
methodology, an increasing number of middle schools seem to be 
moving in that direction. Secondary teachers are generally the most 
resistant to developing curriculum connections. Because high schools 
are organized along fairly rigid disciplinary lines, secondary teachers 
have more invested in their disciplines than other K-12 teachers. 
Teachers at Middle College High were resistant to the idea of inter- 
disciplinary teaching at first, but the insistence and nurturing of the 
principal moved them toward it. Many now report a boost in their 
sense of professionalism and a more valuable experience for their stu- 
dents. Still, the effort to attain the literacy called for in Science for All 
Americans will be hampered until more schools realize the necessity of 
building connections into the school curriculum. 


WARNING FLaGs FOR CuRRICULUM CONNECTIONS 

The resistance of a school administrator, especially a principal, can 
doom most school-site reforms, and science education reform is no 
different. In addition, teachers themselves can impede change. For 
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instance, during the interviews for this chapter, many stories were related 
of algebra teachers who would not sit down with physics teachers and 
earth science teachers who would not talk to biology teachers. Trying to 
cross disciplinary lines between the sciences and the humanities proves 
even more difficult, and sometimes impossible. 

Many teachers already have the knowledge and ability to think and 
plan connections, but they need the opportunity, the time, and the some- 
times some not-so-gentle nudging to get them to try. In general, a few 
enthusiastic visionaries lead the charge to integrate curricula. To those 
who might see themselves as the potential visionaries in their school but 
feel overwhelmed by their task, this chapter offers one simple piece of 
advice: start small and start smart. Rather than tackling the whole cur- 
riculum, start with well-planned connections for two or three subjects. 


EXTERNAL INFLUENCES 

Ostensibly, schools are locally controlled in the United States. But dis- 
tricts and states exert great control over schooling through mandated 
tests, required courses, or disbursement of earmarked funds. All of these 
factors can influence science education reform. As mentioned previously, 
however, many states are beginning to adopt agreed-on standards to 
provide schools with the foundation to design curriculum suited to the 
needs of their students. Science education reformers should support 
these efforts in every way possible. 

As science educators prepare their standards, goals, and objectives 
for public display, they must be aware that interdisciplinary connections 
can be a hard sell. Many parents have been vocal critics of the concept, 
uncomfortable that their children may not be learning algebra if they 
are not enrolled in a class called Algebra. Educated parents have 
sometimes balked as their children’s schools move toward an interdisci- 
plinary framework because they worry that colleges will not accept 
transcripts that lack references to traditional disciplines. 

Educators wishing to institute an interdisciplinary curriculum must 
above all communicate openly and effectively about the proposed change. 
In public education especially, working in secret is usually a recipe for 
failure. At some early point and in some capacity, the public must be 
involved. An excellent method for accomplishing this is to show parents 
something tangible. For example, the San Francisco team recruited 
parent volunteers for the kayak race and later displayed the winning 
kayak before the Board of Education. These efforts were key in securing 
public and political support for the team’s approach. 
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RECOMMENDATIONS 


An integrated view of science literacy that encompasses natural and 
social sciences, mathematics, and technology requires connections with 
areas not traditionally thought of as relevant to the sciences. A curricu- 
lum that meets those needs cannot simply be substituted for an existing 
science or mathematics program; connections have to be made through- 
out the curriculum. We close with some overall recommendations that 
are critical if curriculum connections are to be widely adopted. 


m Public outreach. Science for All Americans and National Science 
Education Standards need to become household words. The public, 
especially educators and parents, needs to understand and demand that 
their schools adopt the goals put forth in these documents. As described 
in Blueprints’ Chapter 11: Family and Community, the public does not 
readily embrace educational change, no matter how deep the concern 
about the current quality of education. Therefore, a widespread infor- 
mational campaign should be undertaken. 


m Resources and materials. The availability of high-quality materials 
can be a great catalyst for change, and their absence a great inhibitor 
of change. For example, a current lack of materials for environmental 
education courses has forced many teachers to rely on resources devel- 
oped either by advocacy groups or the energy industry, both of which 
have opposite, but clear, agendas to promote. Careful and comprehen- 
sive analyses of books, software, and other resources that describe 
accurately how well they represent benchmarks and standards would 
help assure quality and validity of materials. 


m Research dissemination. To design effective curriculum, teachers need 
access to new findings about the cognitive development of children. It 
is important to know, for example, at what stage children begin to 
understand the concept of scale, or what ideas seem counterintuitive 
and how teachers can get students to understand them. While the 
benchmarks are written to accommodate many of these issues, it is 
important for teachers to have continual access to research on teaching 
and learning so that they may consider it in designing curriculum. 


@ Professional development. Making interdisciplinary connections will 
require that science and mathematics teachers have a deep under- 
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standing of their subjects and how those subjects relate to the external 
world. Clearly, a rethinking of how teachers are taught is in order, 
especially developing opportunities for them to learn and teach science 
through interdisciplinary courses and activities. Stronger links among 
colleges of science, humanities, and education will be needed in plan- 
ning teacher education programs, as discussed in Blueprints’ Chapter 9: 
Teacher Education and Chapter 10: Higher Education. 

Unlike the rest of the world, American schools have never embraced 
interdisciplinary approaches to learning. Some of the reasons, as pointed 
out in Blueprints’ Chapter 5: School Organization, are historical, having 
to do with the way our schools have long been organized. But in order 
to achieve science literacy, as well as to prepare students who will work 
in an increasingly interdisciplinary world, it is time for a change that 
many educators have already recognized. A great deal of work remains 
for connections in the curriculum to become a normal and common- 
place part of science education. The ideas in Science for All Americans, 
along with the examples, principles, and recommendations in this 
chapter, provide a good place to start. 
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Materials and Technology 


PERHAPS AT NO TIME in the history of schooling in the United States 
has the use of technology’ in schools been more widely hailed as a 
crucial ingredient for quality education. There seem to be countless 
potential uses for satellite-linked classrooms, for CD-ROMs that hold 
previously unimagined amounts of information, and for an “information 
superhighway” whose power has just begun to be tapped. Educators 
and the general public are eager to see some of those potential uses 
put into practice. 

Likewise, science and mathematics education reformers are eager to 
see technology used effectively in American classrooms. However, while 
we believe wholeheartedly in the power of technology to make a positive 
impact on education, we urge educators, policymakers, and the public 
at large to approach educational technologies with an eye towards their 
educational value first and their technological glamour second. 

Previous technology reforms have almost always been hardware-driven 
and have largely ignored the content and structure of the curriculum 
they deliver. Therefore, the use of many technologies with potentially 
great educational value has followed a similar pattern: first, they are 
introduced with great fanfare and anticipation of the powerful impact 
they will have on student learning; then they are eagerly and hurriedly 
introduced into classrooms with little emphasis ever having been placed 
on examining their content or defining their role, and even less emphasis 
on training teachers to properly use them; and finally, their weaknesses 
are soon revealed to students, teachers and parents, and they are shelved 
permanently, their potential power forever wasted. 


'The use of the term “technology” in this chapter refers to computers, video and audio systems, 
calculators, print production, and other hardware and software used as tools to support 
instruction and learning in the sciences and mathematics. It does not address the important 
issues involved in the study of technology as described in Science for All Americans, Chapter 
8: The Designed World. 
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TECHNOLOGICAL LITERACY 


The social need to be technologically literate grows more urgent every 
day. One can no longer go through life without being aware of and able 
to use technology. While many of the issues of learning about technology 
are beyond the scope of this chapter, it is important here to point to using 
technology both to access information and as a learning tool. 
Increasingly, much science learning, both in and outside of school, 
occurs through interaction with sophisticated media. This technology 
used to consist of measuring instruments and books. Today’s media are 
not only more widespread, but also more sophisticated and complex. 
They require knowledge and skills to select and use them, as well as 
critical thinking skills to interpret them. 
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In spite of attempts to make computers, video equipment, and other 
technology user friendly, the skill and knowledge required to use them 
increases continually. It is no longer thinkable to be computer phobic. 
Nearly everything, from ignition systems to cash registers, has pro- 
grammed chips that require, at the least, knowledge that they exist. 
Adjusting a carburetor or spark plugs the “old-fashioned way” can lead to 
major engine damage in a new car. And technology is also largely 
responsible for the well-known information explosion. New sources of 
information on the Web, cable TV, and public access media are not 
edited or prepared, bringing with them the responsibility for broader 
knowledge and critical thinking in all areas, including science. As the 
boundary between school and out-of-school learning blurs and tech- 
nology becomes an integral part of the curriculum, these literacy issues 
will become increasingly important. 

Technology and media innovation in American schools has been 
characterized by cyclic fads and a failure to use the sound tools and 
processes of science to systematically and progressively improve the qual- 
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ity of instruction. As we enter the 21st century, technology has become a 
far too powerful and valuable learning tool to allow this pattern to repeat. 
This chapter aims to help prevent just such repetition. The first section 
analyzes current and past practice in the use of technology in American 
schools, the second introduces an ideal vision for using technology in the 
classroom of the future, and the final section explores ways to close the 
gap between current practice and the ideal vision. 


THE CURRENT STATUS 


HARDWARE-DRIVEN VS. CONTENT-DRIVEN REFORM 

For decades, cutting-edge technologies have been touted as ground- 
breaking boons to American education. But despite the optimism 
that frequently accompanies the introduction of new technologies 
into American classrooms, research on their use in schools has found 
a pervasive cycle of inappropriate use followed by disappointment and 
abandonment (Cuban, 1986). Perhaps the main reason for the repeti- 
tion of this cycle is that when instructional “innovations” that use 
new technologies are introduced, the focus has centered on the lure of 
the new hardware and its ability to process or deliver information 
faster, in greater quantities, and from greater distances, rather than 
on the quality of instruction that the hardware carries or supports. 
These are hardware-driven, rather than content- or instruction-driven, 
reforms. 

Hardware-driven reforms are doomed for three major reasons. First, 
they assume that technology alone will improve student learning, 
ignoring how it might actually produce affective and cognitive results. 
Second, because the hardware is assumed to make the difference (as 
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opposed to the teaching or the quality of its software), new hardware 
tends to be introduced into classrooms hurriedly on a wave of enthusi- 
asm and public support, but with little time and few resources devoted 
to training teachers to integrate the hardware into their curriculum. 
Third, because technology is often hurriedly introduced, its role and 
purpose in instruction is usually left undefined. These severe problems 
cannot be solved without drastic changes in current practice by the 
producers and marketers of hardware, in the research on educational 
technology, and in the ways schools select and implement hardware. 


STUDENT OUTCOMES 
The lessons from history tell us that if technologies, media, and materials 
are to be productive, the curriculum content and pedagogy that are 
implemented through them must have promise and value in their own 
right. Some of the technologies in schools today are being introduced 
without attention to how they actually affect student performance. For 
example, computer-assisted instruction (CAI) is still one of the more 
popular forms of technology used in schools. However, most CAI pro- 
grams are highly individualized, a method that has been criticized for 
increasing the gap between high- and low-achieving students (Hativa, 
1988). A simple but crucial question is: How effective was the original 
instructional approach (in this case, highly individualized instruction) 
before mediation in the form of computer-assisted instruction? This 
factor is critical, especially when the approach has high acquisition and 
maintenance costs as CAI does. 

These costs are important to keep in mind when considering the 
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role student outcomes should play in selecting technology for use in 
the classroom. For example, if a $2,000-per-student, computer-based 
program intended to raise achievement does only as well as an existing 
program, then the technology has failed in terms of cost-effectiveness. 
On the other hand, if technologies are selected for their ability to save 
money, educators must make sure student learning does not suffer. 

Of course, not all uses of technology produce poor results. There are 
numerous examples of substantive advantages of technology over com- 
parison programs. In some cases, technology-based programs delivered 
their results at one-tenth the cost, for wide ranges of student ability, and 
in content understanding that transferred to new situations (see for 
example, Thorkildsen & Lowry, 1990; Woodward, 1994). Although 
technology was important for providing access, these results were attrib- 
uted in large part to the specific combination of pedagogy and curricu- 
lum organization in the program content. 


STAFF DEVELOPMENT 
Many educators contend that the major issue with the dissemination 
of technology-based instructional programs and materials is one of 
equitable access for all students. It is true that many American schools, 
especially in disadvantaged areas, are not designed or equipped for 
technology-based instruction. However, even if technology is available, 
a program can't work unless we know how to provide sufficient train- 
ing to the teachers who will use the technology with students. 

In the past, and in many current technological reforms, the dis- 
semination of technology-based materials has not been accompanied 
by staff development that is substantive, program specific, or sus- 
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little relevance for the unique needs of each teacher’s classroom. The 
result of poor staff development, loosely defined goals, and traditional 
methods of implementation is that gains of time and efficiency rarely 
materialize. Instead, we find loss of teacher control, understanding, 
and autonomy (Callister & Dunne, 1992). 
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Those who would send instructional technology and materials down 
the information highways of the future must recognize that teachers 
are the most important link in the chain that connects technological 
innovation with improved student performance. 


TECHNOLOGY’s ROLE IN THE CLASSROOM 

Whenever a new technology is introduced into classrooms, its role 
should be clearly defined before it is used. Too often, it is assumed that 
the role of a certain technology is understood by students, teachers, 


administrators, and marketers of the product alike. Few educational 
administrators work with teachers and others to clarify how technology 
will be used in the classroom, and few marketers of technological hard- 
ware determine the unique needs of specific districts or schools in which 
their products are to be sold. 

Failure to define technology’s role can have several adverse conse- 
quences. For example, if a technology-based program is to be the entire 
curriculum, then a certain set of evaluation criteria apply for assessing 
its worth. If this same program is to serve as a tool to support the 
learning of some other curriculum goal, an entirely different set of 
evaluation criteria apply. A spreadsheet program, for example, might 
be the focus of a curriculum unit or an entire course in which the goal 
is to teach students how to use a spreadsheet program. This same 
program might be used in a chemistry class because the teacher believes 
that using spreadsheets improves the quality of students’ data collection, 
analysis, and reporting in laboratory experiments. Used for these two 
purposes, the same spreadsheet program has vastly different roles. If 
those roles are not clearly defined, it is impossible to determine how 
effective a technology is, apart from the specific instructional contexts 
in which it is used. 


THE Rote oF INDUSTRY 

Needless to say, if technological innovations in the classroom have a 
history of mediocrity, administrators and teachers are not alone in tak- 
ing the blame. Industry salespeople are likely to emphasize the unique 
contribution to science learning of a piece of hardware and less likely 
to stress that the machine alone makes no significant contributions to 
student performance. Not only does this create an obvious temptation 
for the manufacturer to exaggerate the benefits of a specific piece of 
hardware over and above all others, it also ignores the fact that any 
hardware is likely to be obsolete within four or five years, or less. This 
is no small consideration for schools, most of which run on extremely 
tight budgets. 

Finally, educators are often frustrated with unfulfilled promises 
about hardware and software. Among the examples are hardware and 
software that are not compatible, the never-ending requirement for 
more memory capacity and speed, poorly written manuals, and diffi- 
culty with installations and upgrades. Given the level of technical 
assistance available to teachers and the cost of continual upgrades, the 
truly user-friendly technology always seems just beyond reach. 
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Tue Rote or RESEARCH AND EVALUATION 
The educational research community also shares responsibility for the 
failure of many technological reforms. According to Clark (1992), for 
decades researchers have studied whether one mechanical or electronic 
medium produced more student learning than another, with little ref- 
erence to the educational context or pedagogical or curricular content of 
these media. Much of this research is confounded by uncontrolled 
variables, rendering it invalid and not replicable. A reasonable first step in 

future research would be to move away from 
Because the greatest comparing technologies or methods and begin 
to describe carefully the science teaching and 
learning situations in which technology has 
program evaluations an impact on student performance and behav- 
: ior. This research-based focus on observation, 
1s focused on the eke ad 

analysis, and synthesis of approaches that work 
final results, educators would at the same time meet the need to tie 


often overlook the ence teachers with specific information about 
need for data to how to implement technology successfully. 

Because the greatest attention in many pro- 
gram evaluations is focused on the final results, 
corrections. educators often overlook the need for data to 

provide midcourse corrections that will im- 

prove the program. When evaluations are planned, reported, or read, it 
is important to think not only about the question “How well does a 
finished program work?” but also, and perhaps more usefully, “What 
must be done to create and progressively refine the program?” 

Improving the nature of evaluation research on the use of technologies 
in schools is valuable not only in and of itself. Unless evaluation results 
are valid, reliable, and transportable to contexts other than the specific 
situation studied, it is impossible to use those results to define the 
goals of technology more clearly, or to provide teachers with a frame- 
work for using technology effectively in their classrooms. 


attention in many 


technology to science content and provide sci- 


provide mudcourse 


NEEDED CHANGES 


Effectively used technology would have three simple distinguishing 
characteristics. First and foremost, technologies should provide quality 
education to students. There are numerous examples of effective applica- 
tions of technology that not only are better than traditional approaches, 


MATERIALS AND TECHNOLOGY 149 


but also offer unique learning opportunities. Collaboration via the 
Internet, real-time data collection, computer modeling, and image 
analysis are all examples of science learning that is either impossible or 
cumbersome without technology. An important distinguishing charac- 
teristic of these applications is that they focus on the specific combi- 
nation of teaching and curricular organization resident in the content 
of the program, and on the subsequent benefits to students, rather 
than on the hardware that carries the application. In these examples, 
technology can be integrated fully into the curriculum so that all stu- 
dents gain an understanding of its nature, power, and limitations. 

Second, teacher competency would be treated as the most important 
and most potent variable in implementing programs. State or district 
leaders, with input from science teachers, would set broad but clearly 
defined goals for the use of specific materials or technology. Only then 
would highly targeted, field-based, site-specific staff development take 
place to provide teachers with the knowledge and support necessary to 
effectively use the new materials or technologies in their classrooms. 

Finally, educators, researchers, and marketers of materials and tech- 
nology would combine forces to stress that the hardware, the curriculum 
content, and the instructional context form an indivisible package. 
Researchers and evaluators would examine the processes that make 
technology-based programs work, and draw their conclusions solely from 
the results on student learning; marketers would stress the flexibility of 
their product to adapt to many different instructional packages; and 
educators would base their selections of materials and technology on 
the results of high-quality, replicable research and the cost-effectiveness 
of their purchase. This ideal situation appears to be a long way from 
current practice. In the following section, we explore some approaches 
to bringing current practice closer to this ideal vision. 

We strongly endorse the idea to analyze, describe, and disseminate 
reports on science, mathematics, and technology curriculum materials 
that can help students achieve science literacy as spelled out in the 
National Science Education Standards (National Research Council, 
1996) and in Benchmarks for Science Literacy (American Association for 
the Advancement of Science, 1993). This process is being developed 
by Project 2061 as part of Resources for Science Literacy.” Curriculum 


Project 2061 has developed a procedure for analyzing science curriculum materials whose con- 
tent and pedagogy match benchmarks and standards, and is training teachers and others to 
analyze materials. A small set of science curriculum materials has been analyzed; work is under- 
way to analyze more materials and develop a greater capacity for training people to do the analysis. 
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materials that are aimed at the singular goal of having student out- 
comes match benchmarks and standards can serve as tangible teaching 
tools that will bring the visions for science reform into the classroom. 

These curricula can also provide a framework around which to focus 
staff development efforts, helping to define the role that technology, 
media, and materials can play in a school’s reformed science curriculum. 
Once staff development has passed its formative stages, the curricula 
can provide teachers with the content of their instruction, thus removing 
from them the burden of having to design instructional materials on 
their own. 

Finally, in order to ascertain that curricula are effective, they will have to 
be accompanied by an associated body of assessments that gauge their 
effectiveness. Designers of these assessments should refer not only to 
Benchmarks, but also to Blueprints’ Chapter 8: Assessment, which 
describes assessment practices and procedures that match the goals for 
reform. The assessments will need to undergo the same rigorous analysis 

procedure as the curriculum in order to describe 
Educated science how they meet benchmarks and standards. 

This cycle of design and independent 
analysis of science curriculum and assessment 
will expand the not only builds teachers’ expertise in judging 
and using science materials, it also leads to cur- 
riculum development that is standards-driven 
that actually can rather than market-driven. Educated science 
Nonited to Hach teacher “consumers” will expand the market for 

curricula that actually can be used to teach 
benchmarks. benchmarks, driving out materials and tech- 
nology that are attractive for other reasons. 

In designing and implementing the most effective science curricula, 
one approach is to follow the guidelines of the U.S. Department of Edu- 
cation Program Effectiveness Panel (PEP) for designing and validating 
educational programs, judging whether those programs are effective in 
meeting their goals, and assessing whether similar results are likely to be 
attained by others who use the program. Backed by a wealth of practical 
and theoretical expertise, PEP suggests that any educational program 
measure its effectiveness by the following three criteria: 

@ Evaluation design. A credible evaluation design assures that the 
results of assessments are appropriate for the program (in this case, 
a science curriculum) and that the program clearly produces the 
desired results. 


teacher “consumers” 


market for curricula 


w Meaningful results. The results of the program are meaningful only 
if the goals are important and the impact on student learning is strong. 

w Potential for replication. The program must be transportable to 
other sites at reasonable cost in dollars and effort, with the expectation 
of similar results. 

Ralph and Dwyer (1988) discuss the PEP criteria in more detail and 
offer a practical look at the problems involved in integrating the principles 
of program development with the everyday realities of public schools. 


STAFF DEVELOPMENT 

One of the keys to successful program change is a focus on staff develop- 
ment. The use of facilitators at the state, regional, or district level can 
provide the link between those who develop educational programs and 
their prospective clients, namely, schools and teachers. A large portion of 
resources should go to support highly qualified trainers who work directly 
with schools to plan, develop, and deliver intensive, program-specific, 
long-term instruction to teachers and administrators. Although this type 
of program is extremely effective, the cost of sending thousands of highly 
qualified trainers to school sites to train staff in specific science and 
technology programs makes it impractical as a vehicle for large-scale 
reform. A more cost-effective method is to use the growing power of 
communications networks to support quality training. Professional associ- 
ations, curriculum developers, local alliances, universities, and regional 
centers can form networks of expert resources and clearinghouses for 
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information about how to implement specific science programs and tech- 
nologies, providing tailored on-site help as needed. 

The science and mathematics knowledge needed for new curricula 
and technology is an important focus for staff development. However, 
simply taking more courses is not the answer, because researchers have 
found little, if any, correlation between a teacher’s understanding of a 
subject (as measured by the number of college courses taken) and stu- 
dent outcomes (Ball, 1991). Instead of more mathematics and science 
knowledge, teachers need more “context-specific case knowledge” that 
blends subject matter and pedagogical knowledge (Brophy, 1991). For 
example, teachers need to know how to use their knowledge of mole- 
cules to ask questions that guide sixth graders through experiements on 
whether sugar dissolves faster in hot water or cool water. For this reason, 
highly targeted, program-specific staff development deserves far more 
attention than it has received in the rhetoric of reform. 


Tue Rove or Inpustry 

Just as science and mathematics curriculum analysis may serve to refocus 
the use of technology toward improving student outcomes, it can also 
provide industry with an understanding of what schools truly need from 
technology. Hardware and software that can be adapted to a variety of 
science instructional programs that meet benchmarks and standards is 
much more useful than technology that might make a unique contribu- 
tion to one component of science learning. 

Considering technology, media, and materials as independent tools 
and resources has two distinct advantages: it places the emphasis on the 
content of the educational products that will be delivered through the 
technology rather than solely on the media, and it ensures that a piece 
of hardware will adapt to a variety of different instructional programs— 
an important consideration in the rapidly changing, high-tech field of 
software development and design. 

An independent technology base must be capable of storing and 
presenting instructional content in an elegant and user-friendly form, and 
must ensure the highest quality and greatest generalizability across pre- 
sent and future media forms. At present, a highly generalizable media 
base could include a broadcast-quality, 30-frames-per-second video, and 
text and graphics that can be reproduced in black and white and color. 
Promising tools are the laser video disc, with high-quality motion and 
still-video storage, and CD-ROM formats, which hold more than 60 
minutes of quality, compressed, full-motion video. The CD-ROM is 
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moving from 600 megabytes to more than 6 gigabits of storage and can 
store text and graphics files in digital form along with the still and 
motion video. This provides an “off-line” or “on-line” vehicle for print, 
audio, and analog video information that is now stored on laser video- 
disks. At present, stiff competition is driving down prices in the hardware 
industry. This reality is likely to make manufacturers more amenable to 
working with science educators to develop products on their terms. 


Tue Rove oF RESEARCH AND EVALUATION 
The most important way in which research on the use of technology 
can support science education reform is to make student outcomes the 
primary measure of a program's effectiveness. Observations of teacher 
behavior, costs, and physical and social infrastructure are important in 
assessing a technology’s worth, but they are nonetheless secondary to 
that technology’s ability to produce positive changes in cognitive and 
affective student performance. 
Another factor vital to the success of any 
Vital to the success of effort to make better use of technology in sci- 
any effort 10 make alsaton in texting pogenneeciven 
g program effectiveness. 
better use of The process of formative evaluation has great 
potential to limit or prevent unintended nega- 
tive consequences because it involves intense, 
education 1s the sometimes even intrusive, monitoring of stu- 
dent reactions. Formative evaluation allows 
researchers and teachers to decide whether 
mative evaluation their ideas are having negative consequences 
. : before they are irreversible. This is an especial- 
HE ENIUS Fear ly important consideration given the growing 
effect: IVENESS. diversity of the American school population 
and the respect for diversity that is found in 
the goals of science education reform. For children without a support 
system outside of school to supplement their education, it is unconscion- 
able to experiment full-scale before doing pilot testing and formative 
evaluation. By examining the effects of a specific science program on stu- 
dents before it is fully implemented at a school or district level, educators 
can ensure that it has the desired effects in a variety of classrooms. 
For any formative evaluation to be effective, teachers must be included 
in its design and implementation. Although for many teachers it is too 
burdensome to design, implement, and evaluate their own science pro- 


technology in science 


increased use of for- 
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grams, they can still be instrumental. For example, at the Far West 
Laboratory, teachers were heavily involved in reviewing the design of 
the curriculum, as well as the formative and summative testing of the 
program’s qualities (Borg & Gall, 1989). 

Finally, formative evaluation must become an institutionalized part 
of all educational program development. In rigorous science, signifi- 
cant time is devoted to the formative stages of a research project's 
development. But much educational research 1s constrained by the 
timed nature of grants, meaning that researchers often must select 
problems with known solutions, spending relatively little time in the 
formative stages of program development. Barbara Flageg’s Formative 
Evaluation for Educational Technologies (1990) blends the general 
principles of program development and formative evaluation with the 
rapidly changing range of educational technology alternatives, and 
can serve as an invaluable guide to researchers and science teachers 
who wish to make formative evaluation a key part of program devel- 
opment efforts. 


RECOMMENDATIONS 


If technology and media are to play a crucial role in implementing 
science education reform, visible leadership must be cultivated to carry 
this vision forward. Designers and supporters of science education 
reform, an enlightened sponsor, and a national media platform could 
serve as a powerful voice for significant progress. It is a voice that is 
currently missing, but one that is vital if science education reform is to 
gain widespread acceptance. 

This chapter has set out to identify, exemplify, and recommend a 
course of action for addressing the teacher enhancement and instruc- 
tional materials envisioned by reformers. This course of action would 
require all involved parties to collaborate in the following actions: 

= Adopt the most important science literacy goals that have value 
to the individual and the nation. 

w Apply theories of instructional design to provide educational ele- 
gance to science materials and technology and to give practical and 
pervasive form to the theme of “less is more” in science education. 

mw Use validated and replicable analyses to identify and describe science 
curriculum materials—including those that use technology and 
media—that meet Benchmarks and Standards requirements. 

m Make the considerable investment necessary for formative and 
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summative program evaluation and for revision activities to ensure 
that the needs of all learners are addressed. 

@ Develop an approach to science program dissemination and 
teacher enhancement that ensures high fidelity in the widest possible 
range of instructional settings, using appropriate technology to achieve 
economy of fiscal and personnel resources. 

As the information age dawned, several observers accurately predicted 
the classroom implications and called for a “technology of instruction” 
that would support the teacher and enhance instruction. The following 
quote by Peter Drucker thoughtfully and accurately summarized and 
predicted the issues now faced by reform in science, mathematics, and 
technology: 

Learning and teaching are going to be more deeply affected by the 
new availability of information than any other area of human life. 
There is a great need for a new approach in new methods, and new 
tools in teaching, man’s oldest and most reactionary craft. There is a 
great need for a rapid increase in learning. There is above all, great 
need for methods that will make the teacher effective and multiply his 
or her efforts and competence. Teaching is, in fact, the only traditional 
craft in which we have not yet fashioned the tools that make an ordi- 
nary person capable of superior performance. (Heinrich, 1970, p. 56) 
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Assessment 


ASSESSMENT OF STUDENT PERFORMANCE exerts extraordinary influ- 
ence on every level of the United States education system, from state 
house to classroom. For this reason, many argue that assessment is an 
impediment to meaningful reform, while others contend just as force- 
fully that it is perhaps the most crucial catalyst for effecting change in 
educational practice. In either case, the power that assessments exert 
on education is unlikely to wane. Therefore, any effort at nationwide sci- 
ence education reform must include reform of student assessment as a 
major goal. 

This chapter explores how student assessment in American schools 
might be redesigned to match the goals of science education reform 
that are exemplified in efforts such as Project 2061’s Benchmarks for 
Science Literacy (American Association for the Advancement of 
Science [AAAS], 1993) and the Nattonal Science Education Standards 
(Standards) (National Research Council [NRC], 1996). The chapter is 
divided into three sections that describe current assessment practice in 
the United States, suggest changes that are needed in order for science 
reform goals to be implemented, and explore possibilities and recom- 
mendations for closing the gap between current practice and a more 
ideal vision of science assessment. 

In reading this chapter, it is important to keep in mind two often 
overlooked facts. First, although many people immediately associate 
the term “assessment” with standardized, group-administered, multiple- 
choice tests, assessment actually includes an enormous range of proce- 
dures used to gather information about what a student knows, believes, 
or can do. Student-focused assessment procedures—for example, judg- 
ing students by a compiled portfolio of work on a range of performances 
rather than by an average of individual test scores—are currently being 
developed and used effectively by many educators, meaning that the rich 
variety of assessment procedures is likely to increase. 
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Second, assessments are not used only to assign grades to students or 
rankings to schools. Assessments have several goals, which are classified 
as either “internal purposes” or “external purposes.” Internal purposes 
for assessment include: 

m conveying to students expectations about what is important to learn, 

m providing information to students and parents about student 
progress, 

mw helping students learn to judge their own learning, 

@ guiding and improving instruction, and 

m classifying and selecting students. 

External purposes serve the needs of those on the outside of the 
school looking in and include: 

@ providing information for accountability systems, 

m guiding policy decisions on funding, staff development, and so on, 

m gathering information for program evaluation; and 

m sorting and classifying people for admissions, certification, or hiring. 

Though assessments have long had a significant impact on educa- 
tional policy and practice in the U.S., in recent years mandated assess- 
ments—especially at the state level—have grown in their influence and 
breadth of use. This chapter acknowledges that influence and offers 
suggestions for student assessment that will help promote the goals of 
science, mathematics, and technology education reform. 


CURRENT STATUS 


The decentralized system of schooling in the United States ensures great 
variation in the way assessment takes place from school to school, district 
to district, and state to state. On the whole, however, the assessment 
techniques that would be ideally compatible with the goals of science 
education reform are not widely practiced in American schools. This sec- 
tion presents a brief overview of current assessment practice and policies 
at three levels: classroom, district and state, and national. District, state, 
and national assessments are especially relevant to reform because of their 
increasing dominance of student and teacher time and their visibility to 
the public in displaying achievement levels in mathematics and science. 


CrLassrRoom ASSESSMENT 

Classroom assessment remains a major influence on students’ day to day 
learning. Teacher-designed tests for an individual class can serve the 
needs of individual students to a far greater degree than statewide or 
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nationwide standardized skills tests. However, 
The assessment research suggests that teacher-made tests are 
often as limited in measuring student thinking 
as their standardized counterparts (Stiggins & 
would be ideally Conklin, 1992). First, teacher-made tests are 
compa Hie a mostly short-answer or matching items that 

place far more emphasis on student recall than 
the goals of science on student thinking ability. Second, evidence 
suggests that because teachers do not receive 
proper training in effective assessment meth- 
are not widely ods, they tend not to change the methods 
they use as assessment needs change. 
Different assessments are needed to measure 
American schools. performance, effort, and achievement, for 

instance, but teachers tend to use the same 
type of assessment to measure all three. Third, because of time con- 
straints, teachers often use the assessments that are found at the end of 
textbook chapters or included in the textbook publisher’s package. 
These assessments contain mainly short answer questions that require 
only low-level thinking skills and simple recall of factual knowledge 
(Center for the Study of Testing, Evaluation, and Educational Policy, 
1992). Many newer science and mathematics curriculum projects and 
textbooks, however, include assessments that address an array of valued 
outcomes and show promise for improving classroom assessment if 


techniques that 


education reform 


practiced in 


teachers are trained in using them. 

Even if teachers receive the training, time, and resources that would 
allow them to broaden their science assessment practices, students them- 
selves may be a barrier. Students, especially high school students who 
have become test-wise, sometimes object to the more labor-intensive 
format of assessments that require performing tasks, answering essay 
questions, or providing possible solutions to open-ended problems. 
Parents also have become accustomed to report cards that contain letters 
and percentages and may question new approaches that are not clearly 
explained and justified. 

Finally, there are logistical and technical reasons why prevailing 
practice persists. Standardized, machine-scored tests are efficient and 
cost-effective. In addition, they provide quantifiable results that are 
easily understood by both internal actors—teachers and students—and 
external actors—legislators, policymakers and the lay public. Issues such 
as assessing individual contributions in group activities or determining 


164 BLUEPRINTS FOR REFORM 


SS aE 


how to address student absenteeism during multiple-day tasks are quite 
real and require further time and effort by teachers and others. 


DistTrRicT AND STATE ASSESSMENTS 

Nearly every state has some type of statewide assessment in place. 
Some of these assessments have been developed specifically to align 
with state curriculum frameworks in science and mathematics, and a 
few use performance tasks and open-ended items. However, many 
statewide and most districtwide tests are inconsistent with the goals of 
science reform. They are “off-the-shelf,” standardized, multiple-choice 
tests that are not well-aligned with standards or benchmarks and do 
not allow students to develop their own solutions to problems or to 
analyze, synthesize, and present information on their own. The tests 
are often chosen for the content of their mathematics and reading sec- 
tions rather than their science content, and their results are seldom 
used to improve science instruction. 

State and district tests have high stakes for both students and schools. 
For students, some states require passing scores on the state assessment 
in order to graduate from high school; school districts often use the 
tests as a factor in decisions about 


State Assessment Characteristics student placement into remedial, 
Compan Number of States’ regular, or honors classes. High- 
Includes mathematics assessment 45 stakes tests usually place students 
Tests in grade 4 33 in a passive, reactive role rather 
Tests in grade 8 40 than allowing them to develop 
Tests in grade 11 32 ideas or to solve problems. For 
Used for school accountability 30 schools, the consequences of 
Used for student accountability 26 these high-stakes tests are also 


Aligned with state curriculum standards 23** serious. The pressure on adminis- 
trators and teachers to improve 


“45 states have statewide assessment systems 


**21 states in the process of doing alignment test scores 1s enormous overshad- 
) 

Source: National Education Goals Panel. (1996). Profik 1 1 

of 1 994-95 state assessment systems and reported meee Owing other educational concerns. 

Washington, D.C.: Author. Local newspapers often publish 


the test averages of individual 
schools. In some states and districts, funding decisions are based on stu- 
dent performance on standardized tests: those doing well get bonuses. In 
a few cascs, school districts have been placed under state control because 
of poor student performance on tests. 
There is considerable evidence suggesting that high-stakes tests can 
have negative consequences for instruction (Darling-Hammond, 1995). 
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These tests force students and teachers to emphasize test-taking skills 
over and above other educational concerns, and they exclude many kinds 
of knowledge. Fairness and freedom from bias—particularly in large- 
scale assessments—continue to be issues, especially for females and 
minority students and those with disabilities or English as a second 
language. Unfair testing is especially troubling because the test results may 
be used for purposes as varied as tracking students, making promotion 
or hiring decisions, and allocating rewards or imposing sanctions. 

Despite the many negative consequences that may result from 
overemphasizing the importance of standardized test results, assess- 
ment used appropriately can be a powerful factor in science education 
reform. It is a widely accepted claim in educational circles that what is 
tested is what gets taught. Therefore, poorly designed assessments are 
an enormous barrier to reform. At the same time, state and district 
science assessments that are designed with the goals and philosophy of 
Science for All Americans (AAAS, 1989) in mind could help produce 
results that are at least somewhat akin to the goals that science educa- 
tion reformers envision. 


NATIONAL AND INTERNATIONAL ASSESSMENTS 

The public concern over a perceived decline in the quality of education 
in the United States has largely been fueled by student performance on 
three tests—the National Assessment of Educational Progress (NAEP), 
which measures student achievement within the United States; the 
International Evaluation of Achievement (IEA); and the International 
Assessment of Educational Progress (IAEP). The latter two assessments 
compare student achievement among countries. NAEP, commonly 
known as the “nation’s report card,” regularly assesses a broad sample 
of U.S. students in various subjects. 

NAEP mathematics and science scores declined from the time of 
the test’s introduction in 1969 until the mid-1980s, when they began 
to improve slightly. The results of international tests and comparisons 
have been equally dismal. For example, in a 1994-95 TAEP study, U.S. 
8th graders ranked 28th out of 41 countries in mathematics (Beaton et 
al. 1996). More detailed analyses of curriculum, time spent in and out 
of the classroom, and other variables reveal that these rankings provide 
just a small part of the picture. For example, U. S. achievement has more 
to do with the nature of the curriculum and how mathematics is 
taught than the time spent in classrooms. Recent comparisons 
between countries and individual states have revealed that using over- 
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all U.S. averages gives a too simplistic picture. For example, the math- 
ematics achievement averages for many states compare well with the 
top countries in the world (National Science Foundation, 1996). 

With these scores fueling public outrage over the quality of American 
education, and with Goal 4 of the President’s “Goals 2000” plan for 
American education calling for U.S. students to be first in the world 
in science and mathematics by the year 2000, the tests are likely to 
become even more high-stakes in the near future. An IEA assessment 
is planned for the year 1999, and teachers and administrators are likely 
to place increasing emphasis on improving exam scores as this date 
approaches. And while earlier calls for national achievement tests in 
all subjects have diminished, the National Education Goals Panel has 
been formed to monitor states’ performances in mathematics and 
reading achievement, issuing annual reports of progress toward Goals 
2000 (National Education Goals Panel, 1996). 

Again, it is worth noting that while high-stakes standardized exams 
have extreme limitations and potentially negative consequences in 
their current design, national goals in science and mathematics reflect- 
ing Benchmarks or Standards would have an enormous, positive impact 
on the way these subjects are taught in American schools. Standards and 
Benchmarks are similar in their calls for greater depth of understand- 
ing in fewer topics. Still, there are differences in content, tone, style, 
and grade-level focus in these two sets of standards, which could pose 
a problem in implementing united efforts to improve science educa- 
tion through common assessments. 


NEEDED CHANGES 


Several important aspects of student assessments need to change in 
order to support reforms such as those envisioned by Project 2061. 
They include assessment philosophy and practice, assessment and 
instruction, teacher preparation in assessment, and external assessments. 


ASSESSMENT PHILOSOPHY AND PRACTICE 

Communicating the goals of science education reform and the philos- 
ophy of science literacy outlined in Science for All Americans presents 
perhaps the greatest challenge to science education. Teachers, educa- 
tional administrators, local board members, and state department of 
education officials are working to develop science frameworks and stan- 
dards that reflect Project 2061’s Science for All Americans and Benchmarks 
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for Science Literacy and the National Research Council's Standards 
(Blank & Pechman, 1995). To translate these state frameworks into 
district policy and classroom practice, an extensive communication 
effort is needed to promote the goals of science education reform. If 
reformers hope to have a wide and substantive impact, they must work 
to influence and support state-level efforts to set and implement science 
learning goals through curriculum frameworks and related assess- 
ments: 

@ State frameworks—By late 1996, 45 states had curriculum frame- 
works in science and mathematics. Many of these frameworks have 
been heavily influenced by the curriculum content described in Science 
for All Americans, Benchmarks, and Standards. More work is needed at 
the state level to support and encourage implementation by local dis- 
tricts, ensuring equitable and appropriate access to improved science 
instruction. 

™ State assessments—Because what is tested is what gets taught, 
science education reformers could have great impact by trying to influ- 
ence the nature of statewide testing for students in science and mathe- 
matics. In addition to having science included as an area for regular 

state-level assessment, clear attention is needed to 
Above all, using assessments that reflect reasoning, inquiry, 
and conceptual understanding in science. 
: Above all, assessments must be fair to all stu- 
must be far dents. Many standardized assessment procedures 
to all students, “Sed in schools and districts do not provide a wide 

enough variety of techniques for showing science 

and mathematics competence. Worst of all, these 
same assessments are used to track students, creating a system where 
some students are forced completely out of science and mathematics 
courses solely because of their poor performance on tests. Assessments 
need to be examined for bias in language and content, recognizing 
that current assessments are unfair to students who have not had the 
same learning opportunities as their peers (FairTest, 1991). Science 
educators must support research on this issue, and must also make it a 
priority in their efforts to influence the design of new state assessments. 

Many states now test every student several times—typically at 
grades 4, 8, and 11 or 12—as a part of their accountability system. 
This type of widespread testing argues for inexpensive, easily scored 
tests that report quantitative scores. Because the multiple measures 
needed to reflect science literacy are expensive and because student- 
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centered approaches require further development to make them reli- 
able, there is a direct conflict between current accountability needs and 
the interests of science education reformers. Some possibilities for 
overcoming this conflict are described in “Recommendations.” 

In designing any assessment process, it is necessary to specify several 
factors: the type of data needed (e.g., achievement, attitude, performance), 
the way it is collected, who will use it, and for what purpose it will be 
used. Remembering that assessments have both internal and external 
purposes, science education reformers can influence policymakers to keep 
these factors in mind. For example, assessments of science achievement 
to monitor the effects of state frameworks may not require testing 
every student in the state. Sampling and in-depth approaches such as 
observations and interviews could minimize the importance placed on 
a single high-stakes exam and the influence of such exams on teaching 
practice. 

For internal purposes, assessments can be changed from tools that 
force students to learn to instruments that encourage student reasoning, 
scoring the student on the rigor of her or his argument; examine the 
quality of work samples; base results on observations of behavior over 
long periods of time; and support students in developing their own 
judgments of the quality of their work. This type of philosophy is likely 
to blur the boundaries between instruction and assessment and to reflect 
the broad goals of science literacy described in Sctence for All Americans. 

There are barriers to changing assessment philosophy and practice, 
but also some possible strategies for overcoming those barriers. Teachers 
need to know how to design and use new assessment methods. Students 
also must become accustomed not only to the idea of new assessments 
but also to taking some responsibility for assessing their own science 
learning. If teachers are comfortable with new testing procedures, student 
opinions are likely to follow. 

Policymakers, administrators, and the constituents to whom they 
answer may resist seemingly “soft,” nonquantifiable assessments. Such 
procedures might not seem like “real testing” to those who were taught 
using traditional multiple-choice and short-answer exams. Efforts are 
needed to show the skeptics that new assessments are anything but 
“soft” and that they measure the development of higher-order think- 
ing skills. These are the skills that education policymakers and the 
media insist will be needed for Americans to live healthy, productive 
lives in our increasingly technological world. At the same time, busi- 
ness leaders insist that tomorrow's workers must be prepared to be 
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flexible thinkers in order to perform in a workplace constantly trans- 
formed by technology. 

Science education reformers should emphasize that higher-order 
thinking skills cannot be measured by machine-scored, multiple-choice 
tests. In fact, development of those skills may be hampered by such 
tests. By casting new assessments in this light, science educators may 
find political allies where they otherwise would have found opponents. 


ASSESSMENT AND INSTRUCTION 
Currently, assessment and student testing are not included in Science 
for All Americans or Benchmarks. Project 2061 avoids dictating assess- 
ment techniques to teachers, reasoning that teachers are better able to 
design flexible assessments that measure whether their individual stu- 
dents have reached the respective benchmarks. Nonetheless, teachers 
have little time to develop multiple assessments in science, especially 
given the effort necessary to design assessment activities that are valid 
and reliable. Although it may not be appropriate for Project 2061 to 
design assessments to accompany the benchmarks, a set of criteria for 
such assessments, complete with detailed examples, would help to 
bring reform goals into the classroom. Such a guide would surely play 
a major role in encouraging classroom implementation and would pro- 
vide an additional layer of structure and depth to reform. 

Testing practice in the United States, especially at state and district 
levels, still relies a great deal on short-answer tests that emphasize 


Characteristics of Good Classroom Assessments 


« They produce measurable evidence of learning. 
« They are relevant to the student and to the learning goal. 
« They involve close transfer of learning gained through the curriculum. 


« They accommodate a variety of development levels and intelligences. 


« They account for prior oo about the task context, or provide 


pre-assessment activities to familiarize all students with the content. 


. They ive students and teachers options to have tasks completed 
individually or cooperatively. 


« They allow students to select the best approach to the task. 
« They assess tasks consistently. 


ped from: Lawrence Hall of Science. (1994). Authentic assessment tools &2 shining examples, Berkeley, CA: 
sAutnor. 
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reflexive rather than reflective thinking on the part of students. Class- 
room science assessment—used by teachers and students to diagnose 
difficulties, plan instruction, give feedback on progress, make improve- 
ments in learning activities, and monitor attitudes—can use a variety 
of tasks and methods. 

New, multiple methods of assessing science knowledge and reason- 
ing have the potential to greatly increase our ability to promote high- 
er-order, critical thinking skills among students. New assessments can 
also improve equity by measuring a wider variety of student abilities 
and skills in science than current methods. Accommodations for indi- 
vidual differences and the use of tools beyond pencil and paper can 
make assessments more valid and useful than traditional tests, which 
tend to reward those students with great recall ability over those who 
have other academic strengths like creativity or clarity of expression. 

Testing remains distinct from learning in the minds of most American 
students and teachers. A typical scenario, especially in secondary school, 
is to read the text, listen to lectures, perhaps do some lab work, and 
then be tested on the week’s work on Friday. This process is not unlike 
assessment procedures in most colleges and universities. Classroom sci- 
ence instruction and assessment can be brought together through 
observations and checklists of students’ performance in activities such as 
solving problems and conducting lab experiments, assessment of indi- 
vidual and group projects using several criteria, and the use of portfolios 
that reflect student growth and achievement on a variety of activities 
over time. In all of these, students can have a role in selecting the criteria 
for evaluating their work, in making choices about what will be assessed, 
and in making improvements on performances. 

To help break the cycle that maintains the status quo, the recommen- 
dations of this chapter should be implemented in concert with those in 
Blueprints’ Chapters 9: Teacher Education and 10: Higher Education, 
so that prospective science teachers will learn about and experience 
improved assessments in their own science learning. Changing teacher 
preparation programs and improving teacher development will go a long 
way to helping educators rethink how they assess student performance 
in science classrooms. 


TEACHER PREPARATION IN ASSESSMENT 

Teachers continue to rely on traditional short-answer tests for three 
main reasons. First, they do not feel confident that new assessment 
techniques will be accepted for accountability purposes by school 
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administrators and the public at large. (This reminds us that until 
administrators approve, teachers are unlikely to use new assessments, 
even if they know how.) Also, many teachers have not yet learned how 
to develop and use new assessments in their classrooms. Finally, many 
new assessments take more time to develop or to administer than tra- 
ditional tests. All of these reasons point to a great need to illustrate 
the role of new assessments and to train teachers and administrators to 
use those assessments. 

Achieving this goal will require a cooperative effort between schools, 
colleges and universities, and state science education leaders. Teachers’ 
fears that new assessments will not meet accountability needs could be 
mitigated by encouraging them to follow state science and mathematics 
curriculum frameworks and by providing state- and district-sponsored 
staff development that reflects those frameworks. States that have used 
Benchmarks or Standards to guide their science and mathematics frame- 
work would need to rethink their methods of statewide assessment, 
lending further support to teachers who wish to align classroom assess- 
ments with science literacy goals. 

Both teacher preparation and staff development can focus on 
assessment along with other components of science instruction. Rather 
than ignoring assessment or keeping it as a separate course or work- 
shop, as has been done in past work with teachers, professional devel- 
opment can integrate work on assessment with work on instruction 
and materials. Teachers can also learn how to analyze existing assess- 
ments in the same way they analyze curricula to determine how well 
they meet benchmarks and standards. These experiences would provide 
a natural way for science teachers to think about fusing these functions 
in their classrooms. 


ExTERNAL ASSESSMENTS 

Science education reformers can make great strides by including open- 
ended questions and other performance-based tasks in district, state, 
and national exams. However, teachers cannot be expected to change 
their assessment procedures only to be judged on the students’ perfor- 
mance on standardized, multiple-choice exams. Realizing this, some 
states have brought together test publishers, state education officials, 
the reform community, and school personnel to create new forms of 
assessment. As other states implement frameworks that are based on 
Benchmarks and Standards, they will need to align assessments with 
these new goals. 
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Michigan Educational Assessment Program 
Multiple Assessment Tasks Included in Statewide Assessment 


I. Multiple choice items. The items require “using,” constructing,” and “reflect- 
ing on’ science knowledge. 


II. Cluster Problems. Real world scenarios described in words, pictures, and 
diagrams followed by a cluster of five to six items, one of which is con- 
structed response. The items require “using,” “constructing,” and “reflecting 
on” science knowledge. 


Ill. Text Criticisms. Present a short passage involving science from the 
popular press or a trade book followed by five to six items. The items 
require “using,” “constructing,” and “reflecting on” science knowledge. 


IV. Investigations. Students perform an investigation in the weeks before the 
test. During the test, they complete five to six items, based on the investi- 
gation, that require “using,” “constructing,” and “reflecting on” 

science knowledge. 


Source: Michigan Department of Education. (1994). Assessment frameworks for the Michigan high school 
proficiency test in science. Lansing, MY: Author 


Perhaps the greatest barrier to moving away from machine-scored 
tests is that they are efficient and cost-effective. It is hard to imagine 
the time and effort that would be required to judge and score open- 
ended responses and the performance of an entire state’s students at 
several grade levels. As assessments change to reflect the goals of stan- 
dards-based reform, states will need to rethink the uses of their assess- 
ments. State must consider seriously the ideas of sampling and of 
returning the responsibility for monitoring student progress and setting 
graduation requirements to local districts. It is critical that these issues 
be recognized and discussed, and that a viable solution be found. 


RECOMMENDATIONS FOR IMPROVED ASSESSMENT 


The previous section presented the needed changes in assessment to 
implement reform in science education. This section describes charac- 
teristics of ideal student assessment and recommends some steps 
toward this ideal. 


ASSESSMENT AND SCIENCE CONTENT 

Ideally, the content of assessment activities, both for internal and exter- 
nal purposes, should reflect the content of Benchmarks and Standards. 
State and district frameworks for science and mathematics education 
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should embrace these documents, and assessment programs should be 
linked to those frameworks. 

m In designing assessments, educators should refer to Benchmarks and 
Standards, but the statements in those documents should not be used 
as criteria for rote memorization. The student who can merely recite 
the benchmarks is not necessarily progressing toward science literacy, 
but the student who understands the concepts that the benchmarks 
describe is. 

m The link between Benchmarks and Standards and assessment practice 
can be further strengthened by using these documents as clear criteria 
for accountability at all levels. Science assessments designed to match 
the content in Benchmarks can help parents, legislators, educators, and 
interested taxpayers to determine whether the students in their schools, 
their districts, or their states are learning science. 


ASSESSMENT PHILOSOPHY 

Any assessment program designed for use in science classrooms should 
frequently test student familiarity with and comprehension of systems; 
models; constancy; and patterns of change, evolution, and scale. 
Assessments should also focus on students’ habits of mind—curiosity, 
openness to new ideas, and skepticism—as described by Project 2061. 
This emphasis on themes rather than on bits of information—on 
habits of mind rather than on recall—means that assessments should 
stress reflective thinking rather than reflexive thinking. 

m The assessment program should be flexible and easily modified as 
new ideas are developed, reflecting the recognition that reform is an 
evolutionary and time-consuming process. 

Teachers should be presented with the outcomes they are expected 
to achieve—contained in frameworks based on Benchmarks and 
Standards—and then be free to design their own methods of instruc- 
tion and assessment. This allows for flexibility in the design of science 
curricula and assessment, for collaboration between and empowerment 
of teachers, and for curricula and assessments to better serve the needs 
of individual students. 

M States can serve their accountability needs without testing every 
student. 

An important philosophical issue is how to justify states’ account- 
ability-based need to test every student several times during the K-12 
grades in light of the negative impact this can have on classroom 
mathematics and science instruction. States should consider using 


ASSESSMENT 175 


sampling, similar to the NAEP approach, to provide more in-depth 
and comprehensive reports on student science achievement. Sampling 
would allow assessment of student task performance and collection of 
data on important variables that affect the opportunity to learn, such 
as types of science activities, the nature of the curriculum, types of 
classroom assessments, and students’ attitudes toward science. Assess- 
ment systems that allow such in-depth investigation would be far 
more productive than inexpensive testing methods for every student. 


ASSESSMENT STRATEGIES 

Assessment strategies and activities should be available for each science 
curriculum unit used by teachers. These curriculum units—and the 
assessments that are used with them—should be analyzed using a 
valid, comprehensive, and standardized procedure that describes their 
alignment with Benchmarks and Standards.’ 

m Teachers and students should use a variety of science assessment 
techniques that require students to use higher-order thinking skills. 

@ In addition to good multiple-choice items, assessments should 
include open-ended items, essays, projects, portfolios, exhibits or dis- 
plays, and other strategies that test students’ ability to generate answers 
and support their contentions rather than simply recall data or select 
responses from several options. 

™@ Science assessments should also blur the boundaries between 
classroom learning and real-world living. For example, students work- 
ing in groups over a period of days or weeks might examine the causes 
of pollution in a nearby pond or lake by taking water samples and 
observing runoff from nearby farmland. After the investigation, they 
might make a recommendation for correcting the problem. 

m Because science produces questions more frequently than 
absolute “right” and “wrong” answers, students should be assessed on 
their abilities to make accurate measurements, to use mathematics 
and data analysis to solve problems, and to be creative in designing 
experiments and solving mathematical or scientific problems, as well 
as on the rigor of their methodology and the quality of the questions 
they pursue. 


'Project 2061 has developed a procedure for analyzing how well the content and pedagogy 
of science curriculum materials match Benchmarks and Standards, and is training teachers and 
others to analyze the materials. A small set of science curriculum materials has been ana- 
lyzed; work is underway to analyze more materials, develop a greater capacity for training 
people to do the analysis, and develop a procedure for analyzing assessment activities. 
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ASSESSMENT AND LEARNING 

Science assessment activities can also be occasions for learning. Rather 
than setting aside time for the testing of memorized facts, teachers 
and students together can design assessments that are integrated into 
the curriculum. 

® Students should be measured on their understanding of the nature 
of science and the world rather than on their ability to regurgitate facts. 

® Students should collaborate in assessment design and scoring to 
increase their sense of responsibility and motivation for learning and 
get feedback on their learning process. 

For example, a ninth-grade biology class might be given a news- 
paper article that describes the results of a recent scientific study. 
Students should be scored on their ability to recognize possible flaws 
in the study and to suggest creative ways to make it more rigorous, 
and on their willingness to be skeptical about newspaper articles and 
other information sources. 


APPROPRIATE AND Fair ASSESSMENT 

Assessment procedures must be appropriate and fair for all students. 
Techniques that aim to promote equity—to ensure that all American 
school students have an equal opportunity to learn science—will 
emphasize student accomplishment rather than document failure 
(Malcom, 1991). 

@ Standards for good work should be discussed with students and 
used consistently in the evaluation process. 

@ Students and teachers should recognize that there is more than 
one path to success. This idea is consistent with equitable and fair 
assessment, which focuses on helping students develop scientific habits 
of mind rather than producing pat answers. 


TEACHER PREPARATION 

Pre-service programs should ground future science teachers in a vari- 
ety of assessment techniques. All teachers should be well prepared to 
understand and use effective and varied ways to judge student perfor- 
mance and to develop effective methods for blurring the line between 
testing and teaching. 

Although state and district policies should emphasize assessment, 
teachers should be prepared to distinguish between assessments 
designed to meet state and district accountability needs and the richer, 
more comprehensive science assessments they use for instruction. 
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EXTERNAL ASSESSMENTS 


District, state, and national level examinations should be based on the 
content of Benchmarks for Science Literacy and the National Science 
Education Standards. Because of content and student sampling consid- 
erations and time limitations, multiple-choice items may be used on 
these exams, but the tests should also include tasks that are similar to 
those used for internal purposes—open-ended questions, essays, or 
performance tasks. The format of the exams should be familiar to stu- 
dents to avoid jeopardizing the validity of inferences drawn from test 
results. 

Significantly less time per student should be spent on external 
examinations than is currently the case. Time and resources should be 
devoted to helping districts and teachers to identify, analyze, or devel- 
op assessments that are integrated with their own science curriculum 
and that provide direct opportunities for student learning. 

® External examinations should provide external audiences with 
information used for accountability, program evaluation, and future 
policymaking. They should not be used to make decisions about indi- 
vidual students, teachers, or schools. 


ASSESSMENT STANDARDS 
Assessment techniques for both internal and external purposes should 
meet acceptable standards of validity, reliability, feasibility, and equity. 
The National Research Council’s National Science Education Standards 
(1996) includes a set of standards for assessment in science education, 
and the National Council of Teachers of Mathematics has published 
Assessment Standards for School Mathematics (1995). Both of these docu- 
ments are good starting points for addressing criteria that should be 
used to judge science assessments at all levels—classroom, district, 
state, or national. In addition, the American Educational Research 
Association, the American Psychological Association, and the National 
Council for Measurement in Education have established standards 
for testing, and several books and journals are devoted to the quality 
of tests. ; 

® Science assessments should be as rigorous as those sanctioned by 
these national organizations. 

® Science teachers should be trained to identify or develop reliable 
and valid assessments in which the intended effects of an assessment 
activity are achieved. 
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PaRTII 
Lhe Support Structure 


SCHOOLS REFLECT THE SOCIETY in which they exist. This is true for 
neighborhood schools and for the entire education system of the 
United States. Indeed, education can be thought of as a subsystem of a 
social-political-economic system. In Blueprints we turn that around 
and look at aspects of the larger system as components of the educa- 
tion system. These four chapters examine the roles of families and 
communities, business and industry, higher education, and teacher 
education in relation to K-12 science and mathematics education. 

While the main role of families, communities, businesses, and univer- 
sities may be to “support” the K-12 education enterprise, it is certainly 
not their only one. These entities often play a major part in actually 
shaping the education enterprise. They do so by pressing the schools to 
establish policies they favor and discontinue ones they dislike, and by 
taking a hand in setting financial and other constraints for the schools 
to observe. What complicates matters is that in the United States the 
“they” of parents, communities, etc., is extremely diverse and rarely of 
a single mind. Moreover, control over the policies, finances, and opera- 
tion of “the education enterprise” they wish to support or shape is widely 
and confusingly dispersed. Understanding education as a system would 
seem to require exploring its interactions with the social system in 
which it is embedded. 

The first two chapters of this section might well have been one. On 
the face of it, higher education subsumes teacher education. But not all 


teacher education—in preparation or ongoing staff development—is 
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sponsored by higher education or conducted by professors. Project 2061 
commissioned separate reports in order to be sure to highlight the para- 
mount importance of teacher education to reform. Also, the project 
wanted to be sure that sufficient attention was paid to all of the functions 
of colleges and universities that have an impact on K-12 education. Still, 
the reader may want to reassemble these chapters conceptually. 

As direct influences on the policies and practices of individual 
school systems, teacher education and higher education can be as 
important as family, community, and business. However, while univer- 
sity-school partnerships of one kind or another are not unknown, they 
are neither numerous nor enduring. More commonly, the influence of 
higher education on K-12 schools is indirect. For example, the admis- 
sions standards of a college apply to the graduates of all high schools, 
not just to the schools in its immediate vicinity, and a school district 
can hire any teachers who meet state licensing requirements, no matter 
where they trained. This indirect influence can be strong (school dis- 
tricts everywhere pay attention to Ivy League admissions standards) as 
well as dynamic (there is a strong relationship between state universi- 
ties that produce large numbers of teachers and the school districts 
around them). Finally, the important role of community colleges and 
historically Black universities should be carefully studied, not only as 
models of how to meet the needs of a changing undergraduate popula- 
tion, but as partners in meeting our goal of a more diverse science and 
mathematics teaching force. 

Chapters 11 and 12 deal with individuals and groups that have an 
interest in the policies, budgets, and practices of particular schools or 
school systems. These include: 

m adults whose children attend schools, who pay close attention to 
what happens in the schools, and who make their wish: ~ known; 

@ citizens, with or without school children, who follow school issues 
and attend school board meetings; vote; join special interest groups; or 


run for the school board, city council or state legis!.ture; 
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m business organizations that provide schools with direct help 
such as computers and consultants, lobby school boards and state leg- 
islatures in behalf of education, and take positions on proposed tax 
measures; 

mg philanthropic organizations that support education through 
scholarships and funding for ongoing programs; and 

m newspapers and radio and television stations that cover education 
issues regularly. 

Clearly there is considerable overlap among these individuals, groups, 
and organizations, but their stories are told in two chapters: “Family 
and Community” and “Business and Industry.” Each discusses reform 
in science and mathematics education from its own perspective. By 
considering the two chapters at the same time, readers may appreciate 
the complexity, and perhaps gain some insight into the inevitable 
clashes as well as the areas of potential cooperation and support by 
these important clients of the schools. 

Again, the following questions are intended to initiate discussions 
of components of the education system and their interactions, with 


some attention to their bearing on the aims of Project 2061. 


TEACHER EDUCATION 


1. If everyone should acquire the knowledge and skills recommended in 
Science for All Americans, doesn't it follow that all teachers and school 
administrators should also do so? What can be done to bring current 
and future educators up to that standard? What distinctions should be 
made between the preparation of elementary and secondary teachers? 
2. Given the amount to be learned and the technical skills to be 
developed, how long should pre-service education take? Five years? 
More? Do economic and social realities limit the possibilities, such as 
raising certification standards dramatically or reducing the number of 


teacher education institutions by half or more, so that those that 
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remain can be more selective? What would be the effect of instituting 
rigorous entry tests to teaching, modeled after those in other profes- 
sions? What are the likely benefits and costs of such tests? 

3. How would the teacher training picture change if it became possible 
(at least in principle) to reduce the size of the certified teaching force 
necessary to operate the schools and still meet high standards of 
student learning? Would teacher salaries and status rise? Would the 
nature of the job change radically? Would new specialties arise? 

4, Are there steps that can be taken to reduce the parochialism of 
education? Would it help if the top 100 or so professional develop- 
ment schools, like the top medical schools, deliberately drew their stu- 
dents from every section of the country? Is national certification a 
possibility? A combination of state and national certification? 

5. Should the growing number of professional development schools 
(which are designed to be to the education of teachers as university- 
affiliated hospitals are to the education of physicians) become the 
norm and model for teacher education? How should the faculties of 
such training institutions be assembled? What should be required in 
the way of prior knowledge and experience to compete for admission? 


What evidence of competence should be required for graduation? 


HicuHer EpucaTIon 


1. What can be done to get science, mathematics, and engineering 
departments in colleges and universities to work together to assure 
science literacy for all their graduates (many of whom will later influ- 
ence education policy as legislators and business leaders)? What steps 
can be taken to improve the cooperation between academic depart- 
ments and:schools of education? 

2. Because many teachers attend community colleges before transfer- 
ring to teacher training institutions, what can be done to build coher- 


ent teacher education programs that reach across the full range of 
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higher education institutions? Can more coherence among institutions 
help to build a pipeline that would increase the proportion of minority 
teachers of science and mathematics teachers in the nation’s schools? 
3. How can universities set admissions in order to motivate K-12 
institutions to produce science literate graduates? Because few colleges 
and universities in America have entrance examinations at all, what 
might they use as a reasonable substitute? 

4. How can science and mathematics instruction at colleges and uni- 
versities be improved? Are standards and incentives for faculty neces- 
sary? How can professional societies support this effort? 

5. How can higher education faculty be encouraged to work with 
schools to improve the K-12 science and mathematics curricula, and 
to participate in the development of learning materials for the schools? 
To provide science research, laboratory, and field experience opportu- 


nities for K-12 teachers? 


FAMILY AND COMMUNITY 


1. How do and how should schools respond to the changing nature of 
family structure and life? Is there evidence to suggest that particular 
family arrangements are deleterious to learning? Are there responses 
to family circumstances that are educationally effective? 

2. What are the educational consequences of having substantial numbers 
of either poverty-stricken or wealthy families in a community? Where do 
ideas such as school choice, charter schools, and school-based councils fit 
into this picture? What does research have to say about the effects of 
socioeconomic issues and about the programs to deal with them? 

3. What is the place of out-of-school learning? How can all students 
have access to museums and informal science learning? How can families 
help to foster and support high expectations and achievement? 

4, What ways have been found effective to secure the support of fami- 


lies for standards-based learning, such as that recommended in Science 
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for All Americans and Benchmarks? Does it vary according to family 
structure and circumstances? Cultural background? If the school and 
the families it serves are at odds on this, what steps have proven to be 
helpful in reaching a workable compromise? 

5. What are the responsibilities of parents, community health agencies, 
state and federal governments, and the schools in safeguarding the 
health of all school-age children? Where do the issues of drugs, drink- 
ing, teenage pregnancy, and other health-related issues that are value- 


laden, fit into the education policy mix? 


BuSINESS AND INDUSTRY 


1. Does the reform of American industry in the 1980s and 1990s pro- 
vide a model—or anti-model—for education? If not a model, are their 
some particular lessons to be learned for the operation of school systems? 
For the education of students for employment in those industries? 

2. How can school systems enlist the political influence of large corpo- 
rations on policy and financial issues at state and national levels? 
Likewise, how can teachers and administrators gain the support of 
smaller businesses in their communities? When the interests of busi- 
ness and education are in conflict, as in tax matters, what’s to be done? 
3. Which kinds of business-school interactions pay off? What are the 
short and long-term effects of contributions to the schools in the form of 
materials and consultants, grants, career information, scholarships or 
business-site experience for teachers and school administrators? Do they 


come and go, or are they generally sustained for years and decades? 


leacher Education 


‘TEACHER EDUCATION plays an important role in science education 
reform. Some reformers say that changing teacher education is the 
first step to dramatic change in science education. Equipping teachers 
to bring about science literacy for all is certainly an intellectual and 
practical challenge of great societal importance. But sweeping reform 
of the teacher education system requires the same tremendous level of 
effort as reforming other components, such as standards, curriculum, 
and assessment. 

Building on the visions and principles of the Holmes Group (1990), 
many colleges and universities are beginning to respond to this chal- 
lenge. Partnerships between colleges and K-12 schools, in forming pro- 
fessional development schools, show promise. Another promising initia- 
tive is the Science and Mathematics Teacher Education Collaborative 
Program, which addresses the broad, systemic work needed from teacher 
educators, scientists, and schools (National Science Foundation, 1995). 
However, we are still a long way from implementing effective models in 
the thousands of teacher education programs across the country. 
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personnel in the United States and Canuda, Dubuque, IA: Kendall/Iunt Publishing. 


This chapter suggests ways to reform the education of prospective 
teachers and the continuing education of practicing science, mathe- 
matics, and technology teachers. It examines the conditions under 
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which teachers currently develop and carry out their practice and sug- 
gests several factors that teacher educators need to consider to design 
better programs. 

Immediately below, recommendations are made for restructuring 
undergraduate education in four areas: preparing teachers in subject 
matter, preparing them for diverse students, preparing them to teach, 
and recruiting science teachers. These recommendations are followed by 
suggestions for improving 1) teaching by college faculty and 2) the con- 
tinuing education of science teachers. Finally, we propose guiding 
principles and suggestions for the professional education of teachers. 
Although this chapter focuses on teacher education, the importance of 
continuing education for administrators should also be recognized. 
Administrators will surely have to change their roles if they are to lead 
schools like those envisioned by reformers in science education. 


NEEDED CHANGES IN UNDERGRADUATE 
TEACHER EDUCATION 


Although the kind of teaching currently called for by science reformers 
has been advocated for decades, it has rarely been implemented success- 
fully. Teacher education institutions must find ways to provide a lasting 
foundation upon which teachers can build the dispositions, skills, and 
knowledge required by the National Science Education Standards 
[Standards] (National Research Council, 1996) and Benchmarks for 
Science Literacy [Benchmarks] (American Association for the Advance- 
ment of Science, 1993). Teacher educators need to consider many factors 
when redesigning programs for teacher education; they also need to 
evaluate alternatives at every stage of the change (Wilson & Daviss, 
1994). The appraisal, following, of the current state of undergraduate 
teacher education is meant to provoke discussion of needed changes. 


PREPARING PROSPECTIVE TEACHERS IN SCIENCE 

Addressing students’ personal conceptions of scientific phenomena is 
one of the challenges in science teaching. It requires excellent knowl- 
edge of science, along with deep understanding of science learning. In 
response to everyday experiences with natural phenomena, children— 
including future teachers—construct their own theories and explana- 
tions to interpret the world around them. Some of these constructions 
have limited usefulness in and can interfere with learning about scientific 
phenomena. For example, many people come to believe that the seasons 
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result from Earth’s changing distance from the sun. Because ideas like 
this can account for personal observations and explain local phenome- 
na, they are difficult to change. And because traditional test questions 
can be answered using these ideas, often science teachers in both K-12 
and higher education do not detect them. The result is that even some 
college science majors continue to believe, for example, the incorrect 
reason for the seasons’ changing. To be effective, most science teachers 
need a deeper and more generalized understanding of complex and 
often counterintuitive scientific principles than they currently have. 

It is essential that all science teachers are literate enough in science to 
implement the goals presented in Benchmarks and Standards. The inten- 
sive study of a discipline increases the likelihood that future teachers will 
be able to understand science at a deep, conceptual level and to reflect on 
important ideas, theories, and applications. For this reason, most edu- 
cators agree that all high school science teachers—and probably middle 
grades teachers as well—should have a major in science. 


Preparation of Science Teachers, 1993 
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Most science and mathematics in the elementary grades is taught 
by generalists who majored in elementary education. Although it is 
impractical and perhaps inadvisable to suggest that all science and 
mathematics instruction at the elementary school level be taught by 
specialists, all elementary school teachers should have a deep under- 
standing of some discipline, along with preparation in science content. 
Experts disagree about just what science content is most important for 
elementary teachers to understand. The answer may depend on whether 
elementary schools are organized departmentally or as self-contained 
classrooms, and on the role of K-6 science or mathematics specialists in 
the school. Colleges and universities can work closely with schools to 
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develop programs in science and mathematics education that prepare 
their graduates to teach school science. For example, an urban or subur- 
ban area may opt for a program that allows for K-12 majors or special- 
izations in science; a rural area may require broader science knowledge. 


PREPARING PROSPECTIVE TEACHERS 

FOR DIVERSE STUDENTS 

Effective teachers understand their students in ways not emphasized 

by traditional teacher education programs. Today’s science teachers 

work with increasingly diverse student populations and are challenged 

Sen Ee _—  —— -—~ py student attitudes and behaviors— 
New Teachers Feeling Well cheating, questioning authority, and 
Prepared to Teach Students from apathy—that reflect larger societal 

. ara ve se aa problems. Often, teacher education 


90 - . 
Sims simply presents science teachers 
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2 60 ~ — different groups without establishing 
S M@ Agree : : : 
= 50 ae eas their relevance to effective teaching. 
go — ml Agree This can intensify, rather than 
5 30 - Aan © Strongly reduce, hidden prejudices and 
20 - = stereotypes (Kozol, 1991). There- 
a fore, prospective science teachers 
0 Py _—— . . 
Before After should be introduced to literature 
i He that helps them to understand the 
Source: Nelson, B.H., Weiss, I.R., and different issues faced in science 


Conaway, L.E. (1992). Sctence and mathematics . woe . 
education briefing book, Vol IIL Chapel Fil, NC: Classes by females, minorities, chil- 


a dren with disabilities, and low- 
income students. They should work as undergraduates under careful 
direction in schools whose student population reflects this nation’s 
growing diversity and with teachers who are effective in working with 
students of varied backgrounds. 


PREPARING PROSPECTIVE TEACHERS TO TEACH 
Science-teacher education must engage students in discussions about 
substantive issues of teaching and learning closely connected with the 
everyday work of teaching. This work should take place in K-12 schools 
where the best science teaching practice is in place. In addition, to narrow 
the gap between general principles of teaching learned in college class- 
rooms and specific classroom situations, teacher education programs 
should adopt principles from Professional Development Schools (see 
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Blueprints’ Resources for a description). This nationwide program inte- 
grates course work in teacher education with opportunities to assume 
various classroom responsibilities throughout the teacher education 
program. These experiences should not be 
Teacher education concentrated at the end of the program in a 
full-time student teaching assignment. 
To sustain these programs, faculty in schools 
expose their students of education and science must remain in close 
contact—through extended research, obser- 
vation, or regular teaching—with the realities 
belief §S systems, of the schools and classrooms where their 
students are teaching. Education faculty must 
also remain current on national professional 
the nature of standards for teacher education programs. 

In addition to the assumptions, purposes, 
and discourse of science, teacher education 
fr om a feminist programs should expose students to other 
perspec oe cultural ae systems, discussions of contro- 

versies about the nature of science, and contri- 
butions to science from a feminist perspective. 
Students can also gain appreciation for the informal knowledge devel- 
oped by people who live or work outdoors through long periods of 
observation. Finally, teachers can study approaches to developing and 
legitimizing knowledge, learning what counts as a good idea and what 
evidence can be used to decide what constitutes meaningful knowledge. 


programs should 
to other cultural 
controversies about 


science, and science 


Field Experience. First-hand experiences in schools, teaching and men- 
toring experiences, and fieldwork with scientists must come early in 
the teacher education program. These experiences prepare prospective 
teachers for the content of their education courses and serve as living 
laboratories for formal course work. Although most prospective teachers 
have observed teaching either formally or informally, they rarely witness 
the extraordinary efforts teachers must undertake to educate themselves 
in their subject matter; to develop effective strategies for cultivating 
attitudes, skills, and knowledge of science in students; and to assess the 
success of their teaching and their students’ learning. Field experiences 
allow experienced teachers to make these “hidden acts” of teaching 
more visible to prospective teachers. By creating and supporting profes- 
sional discussions, teacher educators can give prospective science teachers 
a foundation for building habits of reflective teaching. 
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Teaching Practice. Teachers often do not see the relationship between the 
events they experience in their own classrooms and the generalizations 
about teaching and learning they are taught in universities. Many 
teachers report that they learned little of value about teaching until 
they began to teach. This finding challenges teacher education programs 
to create more effective ways to help prospective and experienced 
teachers connect general principles of teaching and student learning to 
specific problems and events in classrooms. 

Schools should encourage team teaching and view individual teachers 
as specialists in various areas, including science. Organizing daily 
schedules to provide time during the school day for team planning and 
professional development is critical. At least one teacher on each team 
with strong science preparation can lead science study and lesson plan- 
ning groups, demonstrate lessons, and provide special resources. These 
activities promote a belief in the value of increasing teamwork and 
professional interaction among teachers (Abell, 1990). In this environ- 
ment, teachers can engage in continual learning about science and 
mathematics. In the “team specialist” model, every teacher would have 
expertise in at least one area, a liberal arts education, and a subject 
matter major. The team approach is an important departure from many 
current elementary generalist programs that assume a little science 
knowledge for teachers is better than no knowledge at all, and from 
many secondary programs that are highly departmentalized. 

Novice teachers are often overwhelmed by the demands of teaching. 
Without opportunities to observe and be observed and to discuss issues 
with colleagues or a mentor, teachers find ways to meet these demands 
in the short term. These may include approaches to keeping students “on 
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task” that may not foster the type of learning promoted in Benchmarks 
and Standards. By forming teacher teams and other networking and lead- 
ership opportunities, school leaders can help teachers to develop habits 
of reflective practice, leading to their increased understanding of science, 
mathematics, and technology teaching and learning. 


Recruiting New TEACHERS 

Because all levels of the educational system in the United States are 
decentralized, it is almost impossible to gather hard evidence on 
trends in the supply of new science teachers. However, some general 
patterns are clear. Physics teachers are generally in short supply, while 
the number of life sciences teachers sometimes exceeds available jobs. 
Too few students of color choose majors in science or mathematics 
education. Elementary teachers are abundantly available, but too few 
of them have strong subject matter preparation in science and mathe- 
matics. Uncertainties in school funding, a negative work environment, 
and generally low salaries often inhibit the most successful science 
majors from choosing science teaching as a career. 

To strengthen and broaden the pool of science teachers, universities 
need to aggressively recruit and support able, high-achieving minority 
students to become teachers of science, mathematics, and technology. 
Science professionals and others with strong scientific backgrounds 
can also be recruited into teaching if universities adjust their programs 
to match the capabilities and experience these individuals bring, and if 
feasible and innovative career change opportunities are available. 

To broaden science learning opportunities within and beyond the 
classroom, members of the scientific community can be recruited to 
participate in K-12 education as observers, guest speakers, tutors, and 

consultants. Scientists 
Profile of the Eighth-Grade Science Teacher will need to become 
aware of the needs of 
teachers and students, 


White 91% but in the long run, 
their participation can 

Asian-American 1% enrich college and 

Black 5% ‘ 3 

Hispanic 3% university classrooms 
and help K-12 teach- 
ers and scientists 

Source: Nelson, B.H., Weiss, 1.R., and Conaway, L.E. (1992). Science and better understand 


mathematics briefing book, Vol.III. Chapel Hill, NC: Horizon Research. 
? each other. 
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NEEDED CHANGES IN COLLEGE 
AND UNIVERSITY TEACHING 


Even science majors in college often have serious deficiencies in fun- 
damental ideas of science. It is no wonder that many science teachers 
enter classrooms without the kind of understanding called for by 
Benchmarks and Standards (Gallagher & Treagust, 1994, McDermott, 
1990). Teaching in undergraduate science courses should change more 
systematically to emphasize central ideas and underlying themes that 
help students, including prospective teachers, to apply scientific princi- 
ples in solving real problems. College curricula should also illustrate the 
relationships between science, mathematics, technology, and society. 
Integration does not need to occur in every course and throughout the 
curriculum, but connections cannot be left for students to conceptualize 
on their own. 

Teachers rely far more on the teaching styles they have experienced 
as learners than on the theory or even the practical knowledge they 
encounter in teacher education programs (Grossman, 1991). Because 
lecture-based science and mathematics teaching is common in colleges 
and universities, higher education should heed this reality. Future sec- 
ondary teachers who are successful science majors experience lecture 
approaches in college, leading them to believe that lectures are effective 
for all students. Teacher educators must be concerned with preparing 
future teachers to implement reform by exposing them in their own 
formal science learning to teaching styles that support reform. 

Teaching and learning for understanding take time, desire, and abili- 
ty. Faculty and students—especially in large introductory science class- 
es—feel the “content crunch” of covering material in a limited amount 
of time. Science education for future elementary teachers is often limit- 
ed to these introductory courses, giving them little opportunity to inter- 
act with faculty, write about and discuss science concepts, or engage in 
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hands-on activities that would help develop science knowledge and 
understanding. As a result, they sometimes begin their teaching careers 
with negative attitudes toward science and without the skills to imple- 
ment learning goals such as those outlined in Benchmarks and Standards. 
Because most K-12 science teachers do not conduct research, they 
must be induced to read scientific journals and other sources of new 
scientific knowledge, and learn to interpret and evaluate data. Colleges 
can also use teaching methods that involve interactive participation, 
group work, and inquiry—especially in introductory courses taken by 
future elementary and secondary teachers. Finally, colleges can integrate 
the study of science with the study of and preparation for teaching to 
build on the widely held knowledge that the true understanding of a 


subject comes from teaching it. 


PROMISING APPROACHES 

While examples of excellent college teaching exist, serious shortcomings 
in science and mathematics teaching remain at many colleges and uni- 
versities. University culture rewards faculty for research and provides 
little incentive to broaden their often limited repertoire of teaching and 
assessment methods. Several changes can focus attention on under- 
graduate teaching and learning: departments can help promote good 
teaching by holding faculty seminars and discussions on ways to improve 
teaching and assessment, by making the quality of a faculty member’s 
teaching an influential factor in deciding on tenure and promotion, by 
developing the teaching competence of graduate students who teach 
much of the undergraduate coursework in many large universities, and 
by rewarding, fruitful innovations in university teaching. 

Universities need to find ways to bring the extensive body of research 
on teaching, learning, and assessment in science and mathematics to 
the forefront in discussions of higher education. In addition, students 
should be allowed to become active learners, have first-hand experience 
with making connections between their own ideas and the knowledge 
they develop in courses, and participate in classes where faculty model 
a teaching style that is conducive to active learning. Even large lecture 
classes can be organized to promote active learning (Bonwell & Eison, 
1991). When universities increase the number of science courses that 
allow students to become active learners, they increase the likelihood 
that future teachers and scientists will experience the excitement and 
satisfaction of designing inquiries and collecting and analyzing data to 
explore those inquiries. 
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NEEDED CHANGES IN 
PROFESSIONAL DEVELOPMENT 


Perhaps the most important reason for continuing professional education 
for science, mathematics, and technology teachers is that it allows them 
to develop the special expertise related to their work. Specialized 
knowledge becomes a source of authority for setting policies and making 
curricular decisions. A second reason is that pre-service education is simply 
not long enough or intense enough for teachers to master all the skill areas 
they need. Third, as knowledge in the fields of both science and teaching 
continues to expand, and as our society and its demands continue to 
change, teachers themselves must grow and develop. Finally, when teachers 
engage in long-term professional development, they build relationships 
with a wider community of peers, which improves teaching quality. 

A central problem with the current system of incentives for profes- 
sional development is that teachers are rewarded for completing college 
credits or a degree rather than for mastering a subject and how best to 
teach it. Master’s degree programs in education offer in-depth study but 
lack science content and strong ties to classroom practice. Professional 
development workshops lasting one or two days do little to improve 
teachers’ understanding of their subject matter. Teachers are taught in 
“make it, take it” sessions how to conduct a particular set of activities or 
lessons, or they are taught to work with a curriculum package that has 
been adopted by the school or the district. 

Neither of these approaches is satisfactory. Schools must be changed 
to reflect a view of teachers as intellectuals rather than technicians 
(Giroux, 1988). ’To support science instruction with activities tied to 
specific standards and benchmarks, professional development work must 
address more directly the curricular issues of sequences and connec- 
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tions among benchmarks and standards. The chances for successful 
reform will be enhanced by a focus on standards-based professional devel- 
opment that builds the scientific and instructional knowledge necessary 
for real curricular and instructional change. 

The current work on systemic reform in many states, urban districts, 
and rural areas, and in the science and mathematics teacher education 
collaborative projects, has begun to yield models of long-term, active 
involvement of science and mathematics teachers in professional 
development activities. Sustained emphasis on professional development 
will ensure wider implementation of these models. In designing pro- 
fessional development activities, reformers must make a connection 
between increased knowledge in science and learning, and teachers’ 
current concerns or teaching practice. 


PRINCIPLES FOR CHANGE IN TEACHERS’ 

PROFESSIONAL DEVELOPMENT 

Our understanding of how teachers learn and of the opportunities for 
development suggest the following principles to guide the redesign of 
teachers’ continuing education: 

w Higher education and professional associations should strengthen 
their connections to professional development, providing greater coherence. 

w An emphasis on science learning tied to local school context 
should replace the focus on general teaching skills. 

w Activities should provide the curricular and practical skills for teach- 
ers to weave standards and benchmarks into an instructional sequence. 

w Cadres of teachers should assume leadership responsibilities. 

w Activities should promote learning for all school professionals, 
including administrators. 

These principles imply a rethinking of the way teachers’ time is 
organized, the way current staff development funds are used, and the 
level of staff development support that is necessary to implement and 
sustain reform. 

By strengthening links with higher education and professional asso- 
ciations, teachers can begin to bring some coherence to the currently 
disjointed system of professional development. At the same time, these 
organizations are flexible enough for teachers to avoid creating a highly 
centralized system of professional development that is unresponsive to 
local needs. Teachers increase their use of research knowledge if they 
have sustained interaction with researchers (Huberman, 1983). This 
interaction also gives researchers a chance to present their work in ways 
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that fit local circumstances. Similarly, professional associations and 
teachers’ unions have the infrastructure in place to help teachers share 
knowledge with each other, although little is known now about the 
effects of membership in these organizations on teachers’ development. 
Learning must become an integral part of the entire school—not just 
for students but also for teachers and administrators. Teachers’ profes- 
sional development must be viewed as standard operating procedure. 
One goal of reform is to increase teachers’ 
Novice teachers capacity to learn what practices work best in 
their local situation for a given cohort of 
students. Thus, professional development 
to develop craft should focus on helping teachers to inquire 
into their own practice and make connections 


need opportunities 


skills such as E : 
to their own learning. Novice teachers need 


classroom opportunities to develop craft skills such as 
classroom management. With experience and 
confidence, teachers gain greater interest in 
student learning, implying the importance of 
professional development in shifting to teaching strategies and assess- 
ment approaches that focus on the learner. 

Teachers may also need specialized help in integrating the science 
curriculum and connecting it with technology. Although science learn- 
ing should be tailored to the needs of each unique classroom or even 
each unique individual, it is clearly unrealistic for teachers to devise new 
activities for each topic. Teachers will need opportunities to learn how 
to integrate learning activities that support connected learning. 

To keep focused on the goals of science education reform, groups of 
teachers might be organized to keep abreast of developments in science 
teaching and learning, to provide models of teaching, and to build a 
network of teachers who continually develop their own expertise. Finally, 
because administrators and other professional staff in schools and dis- 
tricts exert great power over science education, promoting their con- 
tinued learning is crucial to change. 


management. 


IMPLICATIONS FOR SCHOOL ORGANIZATION 


The vision posed here for science teaching and teacher development 
substantially affects school organization and management. Schools 
should be organized to foster increased interdependence, coordination 
of specialization, and cultures that support innovation and experimenta- 
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tion. Organizations that employ large numbers of professional persons 
and high-technology firms, where much work is nonroutine, have begun 
to create these types of organizational structures. Levin’s Accelerated 
Schools (1987)—described in Blueprints’ Resources—demonstrate sev- 
eral aspects of this model. 

The school is a learning organization that encourages continuous 
growth. Novices are inducted into school culture through close partici- 
pation and joint responsibility with universities. Schools can create 
cultures that support teacher inquiry and reflection and develop a 
shared language to describe and analyze teaching practice. By creating 
time schedules that encourage shared planning and interdisciplinary 
approaches to school-wide curriculum development, and by providing 
regular opportunities for teachers to observe and discuss teaching and 
learning with a collegium of peers, schools can actively support their 
teachers through a lifetime of learning. 


RECOMMENDATIONS 


The recommendations below begin to suggest a new vision of reform 
and the necessary steps to implement that vision. Groups of faculty 
and administrators, professional organizations, government agencies 
and others need to find strategies appropriate to their own settings. 
Using the following ideas as guiding principles may help the process. 


B Convey a broad vision of scientific literacy. 

Teacher education should be designed to produce science teachers who 
are committed to increasing understanding of connections between 
science, mathematics, and technology as well as understanding of the 
social, historical, and philosophical contexts of scientific knowledge. 
All teachers should be able to concentrate their teaching on essential 
ideas of their fields, limiting the use of technical vocabulary to what is 
required for clear thinking and effective communication. 


m Emphasize the profession of teaching. 

Teacher education programs should develop the attitudes, knowledge, 
and understanding that enable prospective teachers to apply theories 
and principles in devising strategies and classroom activities that are 
responsive to the needs and backgrounds of particular students. This 
kind of teaching—called reasoned, principled, or reflective practice—is 
a defining characteristic of professional teachers. New standards and 
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curricula require teachers to have a deep understanding of their subjects 
rather than to be technicians adept only at delivering prepared educa- 
tional products produced by curriculum specialists and other 

“experts” outside the classroom. To this end, teacher education must be 
redefined as a career-long endeavor. Teacher preparation programs 
should work with school districts to create schools in which critical 
inquiry and discussion are defined as part of the routine organization 
of the work of teaching. 


w Enable teachers to teach science to all Americans. 

Teachers should be aware that science is not just a body of knowledge, 
but a paradigm through which to see the world. Prospective and prac- 
ticing teachers should study and work with experienced teachers, 
researchers, and teacher educators who effectively teach science to stu- 
dents from different backgrounds. New teachers must be sensitive to 
student differences and understand how individual characteristics and 
special needs can affect engagement and achievement. 


m Improve university instruction. 

Colleges and universities should draw the faculty’s attention to available 
research in teaching, learning, and assessment that can be used to develop 
more effective undergraduate teaching. Undergraduate institutions 
should encourage and support faculty who strive to improve their courses 
and should hold seminars and discussions on ways to improve teaching. 
In addition, these institutions should work to develop more explicit 
guidelines about what constitutes effective teaching and incorporate 
these guidelines into policies on promotion and tenure. The large univer- 
sities should focus on helping graduate students develop their teaching 
competence and on developing alternatives to the large lecture courses 
that dominate undergraduate education in science. 


m Enhance teacher learning. 

It is crucial for teacher education programs to offer prospective teachers 
opportunities to observe, experience, and participate in activities that 
emphasize student-centered and hands-on learning. Teacher education 
programs must tighten their link with schools so that prospective 
teachers are exposed to the extensive “behind-the-scenes” thought and 
planning that goes into effective teaching. Prospective teachers need to 
be able to use the knowledge from educational research to examine the 
practice of teaching in new ways, and they need opportunities to discuss 
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their classroom experiences in the light of formal knowledge about 
teaching and learning. 


a Improve teacher recruitment. 
Additional efforts should be made to recruit candidates likely to excel 
as science, mathematics, and technology teachers. Women, persons of 
color, and persons with disabilities should be aggressively recruited and 
supported for careers as science teachers. Interested students should be 
identified early and mentored by young teachers. “Bridge” programs 
between high school and college for prospective teachers are essential 
for many minority and nontraditional students, as are programs for 
community college students interested in teaching careers. Scholarship 
and career information about teaching are important, especially for stu- 
dents who may be the first family members to attend college. 

At the same time, standards for science and mathematics teachers 
should be raised so that professionalism and teaching quality increase 
over time. 


@ Commit to long-term reform. 

Because higher education plays a crucial role in shaping future teachers, 
professional organizations in the sciences and education can take the 
lead in supporting publications, seminars, and other forms of professional 
development for administrators in higher education. Administrators in 
both higher education and K-12 education are keys to the success of any 
reform and should be included in professional development. 

Administrators and faculty in higher education should also recog- 
nize that broad support for continued science research will come with 
increased public understanding and appreciation of science. Therefore, 
higher education will benefit by working with elementary and secondary 
educators to implement reform. 

Serious reform requires long-term commitment. Experienced edu- 
cators have seen previous reforms come and go without enduring, 
significant change. If they are to be recruited for reform, teachers must 
be persuaded that efforts will be maintained over decades, not just 
years. Successful reformers acknowledge the difficulty of the change 
process and push forward at all levels, building coalitions and developing 
a cadre of leaders that will continue the press for change. 
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Higher Education 


THE PROGRESS of K-12 science and mathematics education reform has 
been steady, sometimes accelerating since the publication of 4 Nation 
at Risk (National Commission on Excellence in Education, 1983). To 
maintain this progress, future science and mathematics teachers will need 
deep and interconnected knowledge of their subjects and of cultural and 
social issues with implications for teaching the subjects. Higher educa- 
tion has recently acknowledged its need for significant reform (Boyer, 
1994), and colleges and universities have undertaken substantial efforts 
to change the ways they organize teaching and learning. These efforts 
are especially noticeable in the science, mathematics, and technology- 
related disciplines and bode well for the support and institutionaliza- 
tion of K-12 science education reform. Nonetheless, these reforms are 
only a beginning. It is clear that higher education must become a more 
active and visible participant if the reform process is to succeed in schools, 
colleges, and universities. 

Higher education has a significant role to play in K-12 education 
reform. For example, if, as reformers envision, the entire K-12 science 
curriculum is restructured, higher education will have to rethink the 
way it admits, counsels, and places students; the way it organizes its 
curricula and teaches undergraduate science, mathematics, and tech- 
nology; and the way it goes about preparing the next generation of 
school, college, and university faculty. Higher education can support 
K-12 reform by continuing to explore ways to improve science and 
mathematics education for undergraduate and graduate students alike. 

After examining the current status of higher education, this chapter 
explores 1) needed changes in admissions and placement; 2) needed 
changes in the undergraduate curriculum; and 3) needed changes in 
teacher education. It then describes ways for higher education to collab- 
orate with K-12 reformers and build on their work. Finally, it proposes 
some specific recommendations for changing higher education. 
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THE CURRENT STATUS 


Science for All Americans (American Association for the Advancement of 
Science, 1989) asserts that in order to achieve science literacy for all, it 
is just as important to consider how subjects are taught as what subjects 
are taught. Goroff (1995) agrees, taking the argument a step further 
by saying that for the purposes of teacher education especially, how 
university faculty teach is what they teach. However, at most colleges and 
universities, “just be clear” is the standard for teaching. The attitude 
prevails that everyone, including professors, should focus on the mate- 
rial rather than the process of learning—on what to teach rather than 

how. Many professors may not realize that fac- 
Teacher education tors such as their personal expectations of stu- 

Dia dents can powerfully influence student percep- 

SUP GOES TEE tions and performance. Many faculty members 
happen for those might find it disconcerting to know that future 
teachers in their courses will emulate their teach- 
ing style. Nevertheless, what students retain 
higher education. often has less to do with the subject matter than 

with what they learn about how to attack a new 

problem, or what to do when they get stuck or 
frustrated. The “just be clear” philosophy ignores the influence of teach- 
ing style and focuses on spoon-feeding students boiled-down facts. 

Most science and mathematics faculty have heard that they should 
teach better, to the point of feeling harangued and harassed about it. 
K-12 reformers must recognize that most college and university faculty 
are neither lazy nor averse to teaching well, but that they might not 
know how to do it. Teacher education simply does not happen for those 
who teach in higher education. Although many campuses are imple- 
menting strategies to address this problem, much more needs to be 
done, especially in science and mathematics. 

A great deal of teaching effort in the sciences and mathematics is 
for non-science majors. Higher education ascribes different purposes to 
science education for majors versus nonmajors. Not surprisingly then, 
individual faculty differ in their views of how to adjust to a cohort of 
incoming students better prepared through K-12 reforms than today’s 
students. Nonetheless, this chapter asserts that the majority of college and 
university faculty see in reform an opportunity to reinvigorate science 
education for both majors and nonmajors in ways that will broaden and 
enrich our students’ preparation for life in the next century. 


who teach 1n 


HIGHER EDUCATION 211 


BARRIERS TO CHANGE 

The different ways in which the disciplines interpret the very nature of 
science may inhibit universities from implementing the integrated, 
interdisciplinary science instruction advocated by Project 2061. For scien- 
tists to become partners in a shared, common science curriculum for all 
students, they will need considerable convincing that their own disci- 
plines are represented fairly and adequately. This disciplinary constraint 
is likely to loosen gradually during the coming years as the roles of 
teaching and research for university faculty reach a new balance. 

College or university culture erects another set of barriers to change. 
In many large science departments, an instructional “pecking order” is 

observed: the most senior researchers teach 
In some research- graduate students; younger, active research 
faculty and older, formerly active researchers 
teach undergraduate majors; and those whose 
departmental research careers have faltered handle the large 
introductory courses for nonmajors. In some 
research-oriented universities, departmental 
majors are viewed courses for nonmajors are viewed by both 
by Boek aeons students = faculty as less attractive and less 
rigorous. This self-fulfilling prophecy may 
anda faculty as lead professors to devote less effort to teaching 
those classes and students to avoid or perform 
poorly in them. In addition, the recognition 
less ri ZOrOUS. and reward system in much of higher educa- 
tion favors research over innovative teaching. 
This is especially prevalent in science and 
engineering, where the added incentive of outside funding shifts the 
reward balance even further toward research. 

The American tradition of physically and intellectually segregating 
the science education of teachers from the education of science profes- 
sionals has severely limited opportunities for teachers—especially 
elementary teachers—to learn the content and practice of science. This 
segregation has also limited scientists’ exposure to the K-12 curriculum 
and their understanding of the science knowledge—and misunderstand- 
ings—that college freshmen bring into their classes. There is also a nearly 
complete lack of contact between those who teach science in our K-12 
schools and their counterparts in colleges and universities, which ren- 
ders significantly more difficult the task of changing higher education 
to connect with and help build a reformed K-12 science program. 
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NEEDED CHANGES IN ADMISSIONS 
AND PLACEMENT 


The prospect of future students coming to higher education with a 
broader and more uniform knowledge of science raises several impor- 
tant admissions and placement issues described below. 


ADMISSIONS 
For higher education to join forces with the K-12 reform movement, 
it will have to address seriously such questions as: 

m What is science and who needs to learn it? Currently, “real” sci- 
ence—that is, science done in laboratories and universities—is under- 
stood and practiced only by a select few, all of whom engage in scientific 
work only after negotiating parlous rites of passage. On the other 
hand, many scientists and educators believe that every individual has 
the ability and should have the opportunity to understand the process 
of science and even to do some real science. 

mw Who sets admissions standards? High schools construct their cur- 
ricula in part to meet the demands of standardized assessments and in 
part to be acceptable to higher education. If graduates of a high school 
science program do not gain admission to the college of their choice, 
that curriculum is in danger. Science educators at all grade levels must 
work to ensure that reforming the K-12 curriculum does not make the 
transition from high school to college more difficult. 

w Will reform expand the pool of science majors? Because K-12 
reform focuses on producing a more science literate populace rather 
than on producing more and better scientists, it could allow some uni- 
versities, whose reputations rest on the latter, to ignore the reform as 
irrelevant to their students and faculty. 

m What is the role of community colleges? Are they more likely than 
four-year colleges and universities to build on K-12 reforms? Science 
education reformers should pay special attention to the transitions from 
high school to community college to university. 

@ Will traditional assessment help or hinder reform? Science for All 
Americans stresses that students should perceive connections across dis- 
ciplines, sometimes work collaboratively, and pursue answers through 
scientific inquiry. These skills are not measured by traditional assess- 
ments like the Scholastic Achievement Test (SAT) and American 
College Testing program (ACT). A more fruitful approach for college 


admissions may lie in competency measures such as the Wisconsin 
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Competency-Based Admission Model (University of Wisconsin 
Board of Regents, 1996), which asks students to work, often collabo- 
ratively, to acquire learning that is deemed important by the teacher, 
the receiving college, the student, and the business community. 

If higher education faculty really want an enlarged pool of under- 
graduates to enter some of the most elite laboratories and classrooms 
in our nation’s colleges and universities, they must work toward admit- 
ting students prepared to be science literate. This is true even if these 
students differ from traditional high-school honors students. More 
importantly, faculty who have been concerned only with the tradition- 
al “good science student” will need to work with science majors who 
have increasingly diverse aspirations, including teaching, and be will- 
ing to help them achieve their goals. 


PLACEMENT 
The prospect of future students coming to higher education with a 
broader and more uniform knowledge of science raises several important 
placement issues. With successful K-12 reform, a single set of general 
education courses in science would meet the needs of all incoming 
students. (AP [Advanced Placement] courses would have to adjust to 
these interdisciplinary general education courses as they become the 
higher education introductory norm.) When most students are taking 
similar general education versus content-driven courses, the point at 
which students make the transition from “shopping” to committing to a 
major may be delayed. Most science departments should welcome that 
change if it leads to increased numbers of able students choosing to 
major in their disciplines. 

Meanwhile, four-year colleges and universities are becoming 
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increasingly competitive for the growing number of students—older 
students; those with greater financial needs; culturally and racially 
diverse students; and more first-generation, college-going students— 
who launch their higher education careers in community colleges. 
Four-year institutions should examine their transfer policies and prac- 
tices to accomodate these non-traditional students. Higher education 
leaders can design ways to promote and sustain more regular commu- 
nication between two- and four-year colleges and between colleges 


and K-12 schools. 


NEEDED CHANGES IN THE 
UNDERGRADUATE CURRICULUM 


The traditional departmental organization of the disciplines in higher 
education is likely to remain intact, with the scientific principles and 
methods central to each discipline retaining their integrity and dis- 
tinctiveness. However, changes in content emphasis will be necessary 
and desirable if higher education is committed to the goals of science 
education reform. Some critical elements in a new agenda for changing 
science content in higher education are: 

™ concentrating on the central ideas of each discipline—even at the 
expense of less content coverage—and providing a// students with an 
understanding of the interconnectedness of human knowledge, including 
links among the fields of science; 

@ building on the scientific knowledge and habits of mind with 
which better prepared students will come to higher education; 

@ providing a more student-centered learning environment, support- 
ing a wider variety of learning styles, and using more varied organiza- 
tional strategies and teaching materials; 

@ prolonging opportunities for students to enter disciplinary majors 
by closing the gap between the content in major and nonmajor intro- 
ductory science courses; and 

@ providing majors with more explicit instruction in the history and 
methodology of their disciplines, enabling them to better appreciate 
and be able to identify features that are common to all sciences and 
those unique to each discipline. 

The following discussion examines several of these elements and 
points out some necessary changes that should take place in universities 


and colleges in order to accommodate the goals of science education 
reform. 


HIGHER EDUCATION 215 


CENTRAL IDEAS AND CONNECTIONS IN SCIENCE 

Material that only a decade ago was taught in graduate courses has 
moved into undergraduate curricula, adding to the specialized nature of 
science programs for majors. Inevitably, a commitment to fostering 
scientific habits of mind, focusing on essential principles in science, 
and exploring links among the sciences leaves less time and space for 
content-laden courses in any undergraduate programs. 

If, in their first two years, undergraduate science and engineering 
majors study a common core of physical and life sciences laced with 
interconnections and links to the social sciences and humanities, they 
will be better equipped to choose and succeed in a science discipline. They 

will also be better prepared to function as 
Tf UITFUCVSILIES support professionals in the world of work, which is 
not neatly divided into disciplines. For 
departments that insist on maintaining topical 
with innovative coverage in their current upper division courses, 
“bridge” courses might be used to fill the 
perceived gaps created by omitting specific 
they will necessarily topics from reformed science courses. 

New, multidisciplinary programs will con- 
tinue to emerge—just as biochemistry did 
conversation among within the last generation and environmental 

edt and energy studies did within the last decade. 
the disciplines. Sei 

cience educators should view the practition- 

ers of these fields as models of cross-disciplinary 
scientific practice and instruction. If universities support experimenta- 
tion with innovative teaching methods—multidisciplinary programs; 
team teaching; collaborative learning; simulation, multimedia and com- 
puter-supported instruction; and exploration of the interaction of sci- 
ence, technology, and human values—they will necessarily stimulate 
more conversation among the disciplines and engender still more inter- 
disciplinary collaboration in teaching and scholarship. 


experimentation 
teaching methods 


stimulate more 


TEACHING APPROACHES 

To expand the pool of potentially successful recruits to the scientific/ 
technical professions, college curricula and instruction need to reflect 
the variety of learning styles present among students. Although the 
recommendations on teaching and learning in Science for All Americans 
are geared to K-12 education some of the suggestions have value for 
higher education. For example, college faculty would agree that all 
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students need genuine experiences grappling with scientific questions, 
collecting data, constructing models, guessing, estimating, making 
mistakes, recognizing the unanswerable, and engaging in other activities 
that go beyond calculating solutions to routine sets of problems. Thus, 
undergraduates in general, and future teachers in particular, should 
have a wide range of learning experiences and should also come to 
appreciate how each teacher selects and adapts teaching approaches. 


SCIENCE FOR Majors AND NONMAJORS 

To change science education for majors and nonmajors alike, science 
curricula at the college level should stress the important central concepts 
of science, their observational basis, and the history of their develop- 
ment. This will require adding topics that reach outside the traditional 
domains of individual science disciplines. 

Most campuses entertained vigorous discussions of general or liberal 
education in the 1980s. Project 30, which brought colleges of science, 
education, and liberal arts together to explore general education (see 
Blueprints’ Resources for a description), and a report by the American 
Association for the Advancement of Science (1990) that addressed 
the issue of liberal arts courses in the context of the education of future 
teachers were notable contributions to this debate. Science for All 
Americans provides a framework that can invigorate and inform a renewed 
discussion of what a science and technology component in liberal edu- 
cation might look like. The available resources in colleges and universities 
provide ample opportunities to imbue students with historic and societal 
perspectives that will prepare them for a lifelong pursuit of science liter- 
acy. A convincing case can be made that a defined but varied selection 
of liberal education science courses can satisfy science requirements for 
science and non-science majors. 
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Attending to the needs of prospective science teachers, science majors, 
and others in this way makes sense for several reasons. First, if college 
faculty do their jobs right, people who were planning to be teachers may 
decide to become scientists, and vice versa. Second, people who are 
neither professional educators nor scientists will have a chance to 
become science literate. We should insist that whatever we call good 
science for all Americans is good for future teachers—and that good 
science for future teachers is good for all Americans. 


NEEDED CHANGES IN THE EDUCATION 
OF COLLEGE FACULTY 


Transforming the pedagogy in the average college classroom to promote 
the kind of learning called for by Project 2061 requires attention to 
teacher education for higher education faculty. Many of the ideas out- 
lined for K-12 teachers in Science for All Americans and Benchmarks for 
Science Literacy (American Association for the Advancement of 
Science, 1993) can be adapted for higher education faculty. 

In helping college faculty learn to teach, colleges and universities 
should pay particular attention to three key principles: 1) it is impor- 
tant to create an emotional climate that rewards creativity, avoids dog- 
matism, builds on students’ knowledge, supports the roles of women 
and minorities, and expects success; 2) teaching should engage students 
actively and be informed by feedback; and 3) teaching is a powerful 
way to learn. These ideas are discussed in the following sections. 


LEARNING TO BuILD Success FoR ALL 

Given that the nation’s K-12 school population has a majority of stu- 
dents of color and females—a proportion that will grow to at least two- 
thirds in the next few decades—successful reform hinges on our ability 
to address equity issues and eliminate barriers to science for women, 
minorities, and students of low socioeconomic status. In addition to 
improving science literacy, reform of higher education must draw into 
the science pipeline groups who have been seriously underrepresented 
in scientific endeavors in the past. 

Colleges with limited resources that undertake reform may fall 
behind the efforts of well-funded universities. At schools with fewer 
resources, reform may actually exacerbate resource inequities, improv- 
ing opportunities for a small number of students, but not for others. 
State university branch campuses, community and technical colleges, 
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Minority Enrollment in K-12 Schools 
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and historically Black colleges and universities have led efforts to diver- 
sify the student body and encourage nontraditional students to pursue 
scientific careers. They have been the vanguard in designing special pro- 
grams with a strong record for producing minority scientists, and they 
have committed admission and tuition support to students who show 
promise of succeeding in scientific fields. Unfortunately, these programs 
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have served a limited number of students because of scarce resources. 
It is essential that we respond with higher priority to the needs of 
schools with high concentrations of minority and lower socioeconomic 
status students if we are to achieve a level playing field. 


LEARNING TO ENGAGE STUDENTS ACTIVELY 

AND Use FEEDBACK 

If science literacy is to become a reality, students must significantly 
increase their knowledge of science each year. As professors calibrate 
expectations, set emotional climates, select appropriate activities, and 
give constructive feedback to students, it is absolutely vital that they 
pay careful attention to students’ developmental readiness to advance 


their knowledge and skills. How can this be accomplished? 
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Learning experiences should balance activity, reflection, and practice. 
If science professors reflect on the way they work and learn, they can 
better serve their students. In their day-to-day work, scientists ask them- 
selves questions, devise explanations, perform experiments, and assimilate 
information from interactions with others. Students also need to engage 
in these strategies as they develop their knowledge. 

On the other hand, through years of training, scientists and science 
faculty have internalized many active learning strategies: for example, 
working scientists rarely set out to memorize a formula. But students 
sometimes need to memorize because they may not yet be able to derive 
a formula based on their knowledge. Whereas many undergraduates 
are, at best, just beginning to acquire this level of sophistication, many 
faculty cannot imagine ever having been without it. 
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Rather than keeping students at their ini- 
Rather than keeping tial level of understanding or agra them 
. to suddenly jump to a higher one, faculty 
students at thetr should aaa think of “ramping students 
initial level of upwards.” This can be accomplished by 
building on students’ science knowledge, 
helping them to learn more complex concepts, 
expecting them to and explicitly telling them ie aed will be 
. expected to climb increasingly on their own 
suddenly J HOPES as ue course progresses. as 
a higher one, faculty How far upward should prospective science 
. teachers climb this ramp? The answer depends 
should instead partly on what level of understanding is nec- 
think of ‘ramping essary to enable them as teachers to continually 
iene pan Pe expand their scientific knowledge. Prospec- 


tive science teachers should gain an apprecia- 


understanding or 


tion for the sweep of science and have some 
authentic, in-depth, and positive experiences with important concepts 
of science. 


LEARNING TO TEACH 

To encourage all students to act as teachers, professors sometimes set 
up peer study groups, identify and train undergraduate teaching assis- 
tants or mentors, or incorporate student presentations of course mater- 
ial. Some colleges have developed “sidecar courses” parallel to usual 
science courses, in which students meet with the professor to discuss 
how the course is being taught. In some universities, graduate courses 
in teaching and learning have grown into new degree programs for 
people interested in science education. 

However interested in encouraging their students to teach, howev- 
er, college faculty sometimes neglect to reflect on their own teaching. 
Professors should be more involved with training graduate students 
and junior faculty as they begin to teach. Asking faculty to help others 
is not only flattering but it also makes them more articulate and 
reflective about education. It exposes seasoned faculty to fresh peda- 
gogical ideas that younger colleagues bring, including those of initia- 
tives like Project 2061. Teaching graduate students and junior faculty 
to teach rather than teaching them to learn would encourage profes- 
sors to think of themselves as teachers and to become more aware of 
their own instructional techniques. 
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COLLABORATING ON AND SUSTAINING REFORM 


By making K-12 science instruction more broadly appealing and effective, 
reform expands the pool of students who will study science in college. 
Taking a similarly broad and inclusive approach to science instruction 
at the collegiate level expands the pool of future scientists and science 
teachers. Scientists and engineers in higher education should—as acts 
of professional self-interest—support K-12 science education reform 
and re-examine their own methods of science teaching in light of it. 
By collaborating with K-12 schools and aligning science education 
in higher education with standards-based goals, colleges and universi- 
ties can reclaim public confidence. School/college alliances, such as K- 
16 councils and the like, are a means to aid coordinated reform of our 
schools and colleges (Atkin & Atkin, 1989). These councils can 
explore issues such as technology access for rural and urban schools, 
mentoring programs in science and mathematics, and access to 
resources for teaching science. If these alliances and collaboratives are 
expanded, replicated, and supported, they can bring more colleges and 
universities directly into an active role in K-12 educational reform. 
Arguably, K-12 reform will help produce students who are more 
science literate and eager to achieve in science. The desire to attract 
these students will be powerful motivation for higher education to 
change, especially for under-enrolled science departments. Rethinking 
the admissions process might then represent the first step on the part 
of colleges to “buy in” to reform, and may encourage curriculum dis- 
cussions between the K-12 and higher education communities. 


BuriLpING ON K-12 REFORMS 
If colleges and universities eventually respond to K-12 reform, several 
organizations and strategies can ensure that the effective teaching and 
learning techniques that produce science literate high school graduates 
are sustained through college. Groups whose support is key to successful 
reform include: 1) professional and licensing associations, which set the 
standards for disciplinary content in their fields, 2) the business com- 
munity, which requires a broadly trained and science literate work 
force; and 3) the research community, which validates the success of 
undergraduate students who acquire new science competencies and move 
to the next educational level. 

To overcome the tendency to “teach as we have been taught,” and to 
develop new teaching models, higher education should look to centers 
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for teaching and learning such as those at Harvard University (Graduate 
School of Arts and Sciences, 1993) and the collaborative project at the 
University of Wisconsin (Wisconsin Center for Educational Research, 
1996). Both of these programs illustrate how research universities 
have engaged their faculty in reexamining their teaching strategies 
and experimenting with new techniques. 

Colleges and universities can advocate innovative, research-based 
instructional techniques and materials by developing models and by 
sponsoring regional workshops for school and university faculty. 
Because college and university faculty have nearly complete freedom to 
choose both their content and instructional techniques, they can be 
leaders in innovative instruction. Collaboration between K-12 and col- 
lege science instructors should be a central component in these efforts. 
Working with colleagues in both K-12 and higher education, college 
faculty can experiment with a full range of pedagogical research and 
instructional technology, and can model the teacher-as-researcher role 
for their K-12 colleagues. 

Professional societies and their umbrella organizations can educate 
their members about science education reform and enlist their support, 
nationally and locally, to reform science education at all levels. Because 
many higher education faculty have primary allegiance to their discipline 
rather than to their home institution, science educators must enlist the 
support of disciplinary professional societies to engage scientists and 
engineers from higher education faculty, as well as from industrial and 
government research laboratories, in reform efforts. 


RECOMMENDATIONS 


Change does not come easily, especially to higher education. If science 
education reform is to succeed with higher education, not only must 
university faculty interact with K-12 colleagues on an ongoing basis, 
but a larger number of committed faculty and administrators have to 
become involved. 

m Presidential leadership is critical. More than rhetoric is needed 
from university presidents. Resources, funds, and time commitments 
on the part of some of the most visible and busy individuals on campus 
are necessary. Presidents and provosts can bring together deans and 
department chairs of science, mathematics, and engineering to (a) 
develop models of multidisciplinary course sequences introducing science, 
mathematics, and technology; (b) provide incentives for excellent teaching 
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in science and mathematics; and (c) encourage faculty involvement with 
K-12 science and mathematics education. They can promote Science for 
All Americans as a basis for liberal education discussions held on college 
campuses and at other higher education forums. 

m Equity issues are critical to the success of reform. Although K-12 
science education reformers are clearly committed to an equity agenda 
(Kreinberg, 1995), too many students, particularly low-income and 
minority students, fall through the cracks in the transition from high 
school to higher education. Policy aimed at increasing minority partic- 
ipation in the sciences has had disappointing results thus far. 

It is worth considering whether to extend more support to those 
higher education institutions with a history of contributing to the equity 
agenda. As reform requires ample resources, it is essential to place the 
needs of schools with high concentrations of minority and low income 
students, particularly schools in rural or urban areas, first. 

m Agents of change in higher education must be identified. Because 
higher education often sees the needs of the K-12 sector as peripheral 
to itself, it will be important for science faculty to work closely with 
professional and disciplinary societies. Exposure to reform materials 
and ideas through these interactions will provide support for college 
faculty as they develop courses and instruction methods. 

@ Parents and college applicants should be privy to specific infor- 
mation about the teaching and learning culture at institutions of higher 
education. It is important for prospective students to consider how 
their future college’s science and mathematics teaching and learning 
strategies will bear on their success. This information should be made 
available, especially for students who may not have traditional access 
to information about colleges. 

m The admissions process is critical. Across the nation, higher edu- 
cation has begun to adapt admissions procedures in response to the 
standards movement and the growth of portfolio and performance 
assessment programs. Flexibility in admissions should be explored fur- 
ther and communications between K-12 schools and higher education 
institutions enhanced. 

m High quality professional development for K-12 faculty and admin- 
istrators is essential to science education reform. Higher education can 
help in this regard. To provide the appropriate content for science and 
mathematics teachers and school administrators, university faculty in 
the sciences and in education departments must be more aware of 
day-to-day learning in K-12 schools. 
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For higher education to participate fully in science reform, university 
faculty must change their outlook on teaching. When faculty show 
respect for students interested in teaching careers, encourage some of 
their best and brightest to think about careers in K-12 teaching, take 
seriously their role in developing science and mathematics teachers, 
and become involved in important new research that can help science 
teachers, they will be full participants in the education reform agenda. 
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Family and Community 


FAMILIES’ AND THE COMMUNITY have a great influence on children’s 
learning. Families are valuable resources in educational reform, and 
children benefit when schools recognize and encourage parents’ roles 
in reform efforts. Research has shown that a robust, highly interactive 
network of parents, community members, peers, and educators stimulates 
a child’s learning and development (Bronfenbrenner, 1989). 

The task of creating a network to support children’s science learning 
and development is becoming more difficult. However, changes in social 
structures and increased economic pressures have reduced the time and 
energy some families can devote to school involvement: single parents 
are often working more than one job, and in many two-parent house- 
holds both parents are working. Also, many households are changing 
configuration, as when extended families raise children. 


Living Arrangements of Children Under 18 Years Old 
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Schools have always faced difficulties teaching students who are not 
prepared to learn, whether because of financial or other hardships. 
These challenges are especially formidable as the nation works toward 


‘More and more, grandparents, aunts, uncles, step-parents, and guardians may carry the 
primary responsibility for a child’s education, development, and well-being. In this chapter, 
all references to “parents” and “parent involvement” include all adults who play a major role 
in a child’s family life. 
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higher educational standards. This chapter discusses the role of family 
involvement in science education and in science education reform, 
and offers some strategies for addressing those issues. Some necessary 
changes—and specific suggestions for implementing them—are iden- 
tified that can help all parents participate in their children’s science edu- 
cation. Every family can have a role by engaging in educational activities 
with children at home, by being meaningfully involved with schools, 
or simply by supporting improved science education. Throughout the 
chapter, we point to specific examples of programs, projects, and resources 
that exemplify successful approaches to involving families and communi- 
ties in science education. An annotated list of selected programs is includ- 
ed in Blueprints’ Resources. These and other strategies can be used to 
realize the goal of involving parents in improving science literacy for all. 
Some information in this chapter was collected through an extensive 
review of literature on parent involvement in education and through a 
series of twelve focus groups, each consisting of five to eight parents and 
other community members, in the rural, suburban, and urban areas in 
and around New York City, Atlanta, Chicago, and Los Angeles. Local 
PTA presidents and school principals in each region selected the focus 
group participants. Because of their involvement with the PTA, these 
parents may be especially active in schools and knowledgeable about 
the education process. Other parents may have alternative points of view. 


CURRENT ISSUES 


The following major concerns about science, mathematics, and technol- 
ogy education emerged from the focus groups: 

@ the quality of teachers, their preparation, and their impact on stu- 
dent learning; 

@ the type of instruction in schools; 

@ communications between schools and families, including parents’ 
reluctance to become involved with schools and student learning; rela- 
tionships between school personnel and parents; parents’ knowledge of 
school issues, particularly their knowledge of science curriculum and 
instruction; and 

@ external factors, such as social and economic considerations, that 
may keep parents from becoming involved with schools and student 
learning. 


These themes, as developed by parents in the focus groups, are dis- 
cussed in the following sections. 
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QUALITY OF TEACHERS AND TEACHER TRAINING 

One of the most prevalent concerns of parents in the focus groups was 

the quality of teachers, including the quality of preservice and inservice 

training that teachers receive in science and mathematics. These parents 

recognized that their children’s motivation and interest in science and 
mathematics is often teacher-specific. When 


When students students perceive that their teachers are com- 
. etent and c in sci - 
perceive t an P nd confident in science or mathemat 
ics, they are more apt to become interested in 
their teachers are these subjects. Parents of elementary school 


children were particularly concerned about 
— teacher preparation because teachers at that 
confident in science __ level seemed to spend more time on subjects 
in which they feel comfortable—such as read- 
ing and writing—than they did on science and 
they are moreapt mathematics. 

Parents in the focus groups proposed ideas 
for improving instruction, including better 
in these subjects. teacher education, science specialists in ele- 

mentary grades, and frequent and relevant 

teacher development. Despite their high level of awareness and desire 
for their children to achieve at higher levels, these parents reported 
that they generally take a passive role in their child’s schooling, hoping 
their child will be assigned to a good teacher rather than demanding 
that teaching improve or change. 


competent and 
or mathematics, 


to become interested 


CLASSROOM INSTRUCTION 
Focus group discussions of classroom instruction identified four 
major needs: 

m more hands-on activities and real-life applications, 

™ a strong foundation in the basics, 

™ students working and learning together, and 

@ increased use of technology. 

Suburban and rural parents emphasized critical thinking skills. Urban 
parents called for curricula pertinent to the real life experiences of their 
children and approaches that help students apply what they learn. 

Parents defined the basics as more than just reading, writing, and 
arithmetic. For example, they mentioned the ability to read a clock, count 
change, and do basic measurements. Parents recognized that science 
learning should extend far beyond the textbook and the classroom. 
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All of the focus groups indicated that hands-on activities related to 
real-life experiences and future career options are important in improving 
science education. However, they also stressed the need to include 
critical thinking and opportunities to apply skills to provide context 
and to engage students’ minds. 

Parents were frustrated with their limited knowledge of school reform 
issues. They indicated that they often hesitate to support initiatives that 
promote nontraditional methods of learning science because they are 
unfamiliar with them and uncertain about how they would work in the 
classroom. For example, most of the parents thought that an integrated 
curriculum sounded like a good idea, but were not sure exactly it would 
mean. Some suburban parents believed that collaborative learning would 
cause advanced children to suffer academically and might have a negative 
effect on their children’s attitudes and motivations toward science. 

Parents also mentioned the need to incorporate technology into stu- 
dent learning. Discussions focused on equipping classrooms with com- 
puters, but also recognized cost constraints and the need for training and 
technical support. Parents in urban areas found it hard to contemplate 
computer acquisition when their classrooms lacked books and basic 
supplies. In some urban and rural schools, the need for equity in tech- 
nology use is especially critical. 


COMMUNICATION BETWEEN SCHOOLS AND FAMILIES 
The deep concern that parents expressed about reform clearly indicates 
that they understand the need to be actively engaged in the educational 
process. However, many parents—including those who understand 
that need—are not involved. Parents reported that poor communication 
creates large gaps in their knowledge of school issues, contributes to 
suspicion of reform, and results in their accepting current conditions 
and resisting change. 

Communication with parents is especially important as schools 
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continue to integrate technology into their teaching because parents 
admit to a limited understanding of the potential uses of technology 
in classrooms. Schools often do not include parents in discussing tech- 
nology acquisitions and may not inform parents of the technological 
options available or the rationale for decisions 
Although many that they ultimately make. 
parents t Tee a as also affects families’ 
involvement in student learning. Parents who 
are not preparing are involved in their children’s schools reported 
Pie ufficien f hy, that sg participate mainly in activities 
peripheral to the learning process, such as 
they May not chaperoning field trips or planning special 
fee io sponsib - events. For better or worse, communities 
trust in schools to “do the right thing.” The 
for changing these reasons for minimal involvement include lim- 
ited knowledge and uncertainty about cur- 
riculum and reform initiatives, a sometimes 
distant relationship between schools and 
families, and social and economic factors. For some parents, language 
differences are also a factor. Not surprisingly, these factors are interre- 
lated. The bottom line is that, although parents may be concerned, they 
hesitate to discuss these concerns with school staff and remain outside 
the process of improving science instruction. 

Although many parents think schools are not preparing students 
sufficiently, they may not feel responsible for changing these conditions. 
Many parents in the focus groups who reported that they feel respon- 
sible for ensuring that schools prepare their children to reach standards 
said they felt powerless to change the current system. They felt that 
their ability to influence the process depends on how receptive teachers 
and school administrators are to their input. For example, although 
parents in the groups have some input into decisions such as selecting 
textbooks, they reported having little opportunity to make a significant 
impact on those decisions. 

Parents were especially uncomfortable with change in science, a sub- 
ject in which most of them admit having little proficiency. Research indi- 
cates that even well-educated parents may be fearful of science and have 
low levels of science literacy (Kober, 1993). This admitted lack of scien- 
tific knowledge leads many parents to view science only in terms of mas- 
tering discrete skills, without recognizing that understanding concepts 
and processes is necessary for intellectual growth and further learning. 


conditions. 
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These findings have two implications. First, to motivate parents to 
participate in their children’s education, schools need to stress the link 
between proposed changes and the results that parents desire. Second, 
schools should design strategies to engage parents in working to reach 
those results. Because access to and influence on school systems may 
be limited for rural, low-income, non-English-speaking, and minority 
parents, schools in their communities need to make concerted efforts 
to improve outreach efforts. 


SOCIETAL AND Economic Facrors 
Not surprisingly, the most striking differences among urban, suburban, 
and rural parents in the focus groups were in how social and economic 
factors influence their involvement in schools. These factors can influ- 
ence participation in many ways. Differences in educational levels, cul- 
tural background, language, and availability of time, money, and other 
resources all affect the family’s ability and desire to participate fully in 
their children’s education. School personnel can further inhibit family 
involvement when they act out of sociocultural assumptions that devalue 
the contributions of poorer, less-educated families; when they use 
educational jargon that deepens the commu- 


School personnel nication divide; and when they ignore or dis- 

ae fit wien inbibit parage important economic, cultural, and lan- 
aes guage differences. 

family involvement Parents may have low aspirations for their 


children’s school achievement in general, or in 
science or mathematics in particular, because 
educational Jargon of their own low achievement in these areas. 


when they ... Use 


kde epens the Some parents attribute success in science and 
ys mathematics to innate ability, rather than to 
communuation effort and perseverance. 
Pee ner In communities where literacy and educa- 
tional levels tend to be lower, family members 
they ignore or who wish to be involved in their children’s 
bie sparage j mportant education may lack the confidence and skill to 
approach school personnel or to express their 
economuc,. cultural, interests and opinions. Parents who have had 
Per ere guage little schooling or negative school experiences 
; may be reluctant to work with educators. 
differences. Immigrant and minority families have 


additional language and cultural hurdles to 
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overcome in order to be involved. 
"Risk Factors" Among Eighth-Graders In areas where immigrant families 


* Single parent are concentrated, language differ- 
* Parents not high school graduates ; . 
“Limited English ences may pose a substantial barri- 
* Income less than $15,000 er to family involvement. These 
* Sibling dropped out of school 
* Home alone more than 3 hours daily barriers challenge schools to 

No tisk factors 54% become more flexible, more aware, 


and more creative in their commu- 
nications with students and fami- 
lies and in their outreach efforts. 

Families from lower income 
communities often find that sur- 
vival issues exhaust their personal 
resources. Many low-income parents 
work two or three jobs to provide 

eee i for their families. Crowded living 

factor 26% aaa conditions, substandard housing, 
Source: Nelson, BH., Weiss, LR.,and Conaway, LE, inadequate nutrition, and minimal 
Chapai FNC Fen Rees Fee health care may have a negative 

impact not only on children’s edu- 

cation but also on the amount of time and energy their parents can 
commit to educational reform issues. The need for child care for 
younger children, fear for personal safety, and lack of transportation 
may be deterrents, as well, that schools should consider in their out- 
reach efforts. 

Nevertheless, parents in all segments of society are keenly aware of 
the importance of education to the future well-being of their children. 
When schools learn to communicate their vision for students in ways 
that parents can understand and to accommodate the realities of 
everyday family life in all kinds of settings, they can create powerful 
allies in their communities. 

As daunting as these obstacles may seem, they can be overcome 
by using well-designed, research-based programs, such as the Comer 
School Development Program, ASPIRA’s Mathematics and Science 
Academies, the American Association for the Advancement of Science’s 
(AAAS) Faith Communities Project, and Teachers Involve Parents in 
Schoolwork, which are described in Blueprints’ Resources, to foster 
meaningful parent and family engagement in science learning. These 
and similar kinds of community-based projects have proven successful 
in reaching parents, regardless of income level, education, or ethnicity. 
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STRATEGIES FOR CHANGE 


Families and communities can effect changes in science education by 
being educators in the home, by becoming actively involved with the 
school, and by advocating for improvements in science education. 


FAMILY STRATEGIES 
The first place for parents to participate in their child’s education is at 
home. Studies show that when parents are involved in learning activi- 
ties at home in a particular subject, such as mathematics, their children 
show higher achievement in that subject (Epstein, 1988). Parents do not 
need degrees in microbiology or engineering to help their children 
with science and math. They can start by turning off the TV and 
making sure homework is done. When parents monitor homework, 
students complete more assignments, have higher test scores, and 
improve their grades (Kober, 1993). There is a high correlation between 
students’ mathematics achievement and limited television viewing 
(Mullis, Dossey, Owen, & Phillips, 1991). Many schools and commu- 
nities sponsor homework hot lines, tutoring, parent workshops, and 
programs to help parents assist their children in science and mathe- 
matics homework. Some of these programs, which include Family 
Science, Family Math, Teachers Involve Parents in Schoolwork, and 
Project EXCEL-MAS, are described in Blueprints’ Resources. 

Next, families simply need to encourage children’s natural curiosity 
and watch and learn along with them. Parents can model the pursuit 

—  -— ~~ of lifelong learning, inquiry, and 

Keen es Hoban casos by reading, asking ques 
Seadentein 1900 tions, discussing science-related 
articles, and visiting museums and 


Frequency of Percentage Average Math 

Doing Homework of Students Proficiency science centers. Comer (1986) 
Often 76 310 reported that many low-income 
Sometimes 19 295 parents participating in a parent 
Waves cs 285 involvement program became role 
Source: National Science Founcltion, (1996) Pieters of models for their children simply by 


ience and mathematics, 1995. Arlington, VA: : x * 7 ‘2 
science and mathemuties, tlington, VA: Author. continuing their own education. 


Exciting mathematics and science 
materials—such as MegaSkills, Revised and Updated (Rich, 1992) and 
Helping Your Child Learn Science (Paulu, 1991)—reinforce the value of 
study while building thinking and problem-solving skills. 


Parents can use the radio, TV, activity books, and the Internet to 
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engage in home-based science projects with their children. The AAAS 
Kinetic City Super Crew radio program engages children in science 
activities. KidsNet, a project of the National Geographic Society, net- 
works parents, students, teachers, and scientists in exploring vital, real- 
life, science-related issues. Print materials such as Manual for Teachers: 
Teachers Involve Parents in Schoolwork (TIPS): Language Arts and Science/ 
Health Interactive Homework in the Middle Grades (Epstein, Jackson, & 
Salinas, 1992), Learning Science and Math in Your Community (National 
Urban League, Inc., 1994), and the series Family Connections (Appalachia 
Educational Laboratory) also provide suggestions for home science 
activities. 

Finally, parents can promote high achievement, no matter where 
they live or what their income is, by letting their children know they 
have high expectations, especially in science and mathematics. Parents 
can convey the importance of high achievement and increase their 
child’s self-esteem by setting short-term goals and providing rewards 
when their child reaches those goals. 


SCHOOL STRATEGIES 

Outreach and involvement of families and the community naturally 
extends the boundaries of school. By widening its sphere of influence 
to include parents, scientists, and other community members, the school 
can create a supportive dialogue for improving science education. 


Percentage of Schools Where Most or All Parents Attend Events 
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Families and schools must agree on the goals set for the child, and 
both parties must recognize that each plays a role in the child’s educa- 
tional success. Walberg, Bole, and Waxman (1980) examined a school- 
wide K-6 program in which parents signed a contract pledging to set 
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high expectations, provide an appropriate study environment, encourage 
learning by discussing work daily, and cooperate with teachers in matters 
related to discipline. Walberg observed significant gains in student 
performance. These results match similar findings by Levin (1987), who 
has had success in clearly specifying expectations for educators, students, 
and parents in the form of a contract in his Accelerated Schools. 

Schools can increase family involvement by establishing parent 
advisory councils and involving parents in setting standards and expec- 
tations for students. It is especially important for educators to reach 
out to and involve minority, non-English speaking, and low-income 
families in developing these partnerships. 
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Washington, D.C.: Author. (NCES 96-913). 


Schools can also involve families directly as both learners and 
teachers. All parents—not just those few who are professional scien- 
tists—can teach by reading a book about science, gathering materials 
for an activity, mentoring or tutoring children in science and mathe- 
matics activities, or helping with a project. Teachers can develop 
homework assignments that involve family members and enable 
students to share knowledge of science and its applications. 


CoMMUNITY STRATEGIES 

Community resources can supplement science learning in classrooms 
and mect the challenge of improving science education for all children 
in several ways. Churches, advocacy groups, and youth service agencies 
(e.g., health clinics, Boys and Girls Clubs, and the YMCA or YWCA) 


are valuable components of the reform effort, especially as science 
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educators strive to reach an increasing number of low-income and 
minority students. 

The National Urban League, the AAAS Faith Communities Project, 
and individual efforts such as Luis Moll’s work with Mexican-American 
communities in New York have successfully engaged minority students 
and their parents in meaningful science learning. Some of these and 
similar programs are described in Blueprints’ Resources. 

Schools can use community resources such as museums, nature cen- 
ters, businesses, and hospitals as sites for out-of-school learning for 
students and families. These informal arenas can provide an additional 
context for students to learn and understand firsthand the science con- 

cepts they are taught in class. Such venues— 
Some of. the most from zoos to botanical gardens—exist in both 
urban and rural settings. National and state 
parks, NASA Teacher Resource Centers, and 
opportunities happen Department of Energy Laboratories can also 


exciting sclence 


serve as sources of information and materials 


when scientists S 
for families and teachers. Local plumbers, elec- 
become involved tricians, and mechanics apply science principles 
. in their daily work, which they can demon- 
with students Oe ee 
strate to students. Utilities, such as telephone 
and teachers in switching stations and water treatment facili- 
. . ties, also offer possibilities for scientific inquiry. 
science projects. : P oe 
Businesses can serve as a valuable science 


education resource by providing science 
experts to work with teachers on designing instructional programs, 
offering applied settings for scientific inquiry, or supporting mentoring 
relationships between employees and students. High-profile support 
from business can also lead to wider political and community support 
for educational reform programs. 

Although they are not available in all areas, colleges and universities 
can also be rich sources of scientific knowledge, expertise, and tools. 
Some of the most exciting science opportunities happen when scien- 
tists become involved with students and teachers in science projects. 
These collaborations provide role models for children and support 
for teachers. They also build mutual understanding and respect between 
K-12 schools and higher education. Community groups can play sev- 
eral possible roles to encourage or participate in these partnerships. 
For example, sponsoring a “university-school” mathematics and science 
night can provide the catalyst for planning long-term activities. 
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RECOMMENDATIONS 


Together families, community leaders, and educators can develop 
effective strategies and programs—beyond fund-raising and occasional 
attendance at school events—that generate the public’s enthusiasm for 
science learning and that use community resources to enrich science 
education. Following are some specific measures that all participants in 
science education reform can take to nurture these relationships. 


= Promote the development of shared goals in science education and joint 
problem solving among educators, families, and members of the community. 
Policies should be framed so that parents, community members, and 
schools are encouraged to communicate clearly to each other their goals 
for children’s science literacy. Schools that are committed to change can 
help communities and parents connect their expectations to the specific 
science learning goals of the reform efforts. 


@ Convince educators that all parents have the desire and the ability to 
support their children’s education. 

Schools can bridge the gap that often exists between parents and school 
staff by treating all parents and other community members, regardless 
of ethnic or socioeconomic background, as willing and able participants 
in reform. While some changes—such as greater emphasis on hands-on 
learning—are likely to be accepted by most parents, science educators 
should acknowledge parents’ concerns and remain forthright in their 
commitment when addressing more controversial issues such as the 
increased use of group instruction. Parents should understand that higher 
levels of science literacy are critical to their children’s future success. 


mw Disseminate information to increase parent and community involve- 
ment in science education. 

Organizations such as the National Science Foundation through its 
State, Rural, and Urban Systemic Initiatives Programs; professional 
societies; business; and the media should replicate and disseminate 


successful models for increasing parent and community involvement in 
science education. 
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m Inform families and the community about science education and involve 
them in meaningful decision making about education reform. 

Schools can distribute existing guidelines to parents such as What to Look 
for in Science Classrooms and What to Look for in Mathematics Classrooms, 
published by the AAAS and The College Board. Professional societies 
can develop additional guidelines and checklists that will inform par- 
ents of science education issues and help them become involved in the 
decision making process. 


m Engage parents and the community as learners and teachers. 

Schools should engage all families and adult members of the community 
in thinking and learning, particularly in the critical area of science. 
Science educators at all levels of the educational system should imple- 
ment models of schools that are science education resources for all 
community members. Parents should see schools as places to expand 
their own knowledge of science, mathematics, and technology. Schools 
could also engage parents and community members as resources to 
enrich school science learning. 


This set of recommendations requires collaboration among schools, 
families, and other organizations. Implementing these recommendations 
independently of other changes in the nation’s educational system 
could be beneficial. However, the radical reform of science education 
needed to promote science literacy among all students will occur only 
if players from all parts of the educational system work together 
toward shared science literacy goals. The full and active participation 
of families, community members, and community-based organizations 
is crucial in effecting systemic change and ensuring science literacy for 
all students. 
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Business and Industry 


THIS CHAPTER DEFINES WAYS for the business community to help 
implement reform in science, mathematics, and technology education. 


It discusses business’ current involvement in K-12 reform, and exam- 
ines ways for business to become involved in the reforms and to help 
foster an environment in which reforms can succeed. It identifies barri- 
ers to successful business involvement in education in general and science 
reform in particular, and suggests ways for science education reformers 
to address those barriers and develop and maintain useful relationships 
with business. 

Business involvement in pre-college education in America dates to 
the mid-19th century, when many members of the Whig Party saw 
economic success and desirable socialization skills, such as punctuality 
and good work habits, as key goals of education. Business involvement 
in education reform began early in the 20th century, when the National 
Association of Manufacturers led a lobbying campaign that resulted in 
the 1917 passage of the Smith-Hughes Act— legislation that called for 
standardized testing, guidance counseling, and tracking in the nation’s 
schools. More recently, business reacted to the Soviet launch of Sputnik 
and to the Cold War by demanding more engineers and scientists. In 
the 1980s, reports like 4 Nation at Risk (National Commission on 
Excellence in Education, 1983) justified for many business people the 
idea that education was both a root cause of many economic and social 
problems and the best hope to remedy these problems. 

Although one could argue that business’ historical involvement in 
education has been only marginally effective, there are signs that 
today’s participation could lead to more significant results. Corporations 
have developed an interest in disadvantaged youth, early childhood 
education, and a variety of programs ranging from adopt-a-school 
efforts and collaborative partnerships to systemic change initiatives. 
Business involvement in education can reinforce science education 
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reform’s emphasis on teamwork (which many modern workplaces 
stress) and on professional development (which most business have 
long offered for their employees). 

Companies involved with education for a decade or more come to 
understand how difficult science education reform is and how business 
must commit support for the long term. This understanding is key to 
the success of business-school partnerships, many of which have 
waxed and waned in past decades (Shakeshaft & Trachtman, 1986). 
If business becomes frustrated by the pace of education reform and 
begins to support more radical approaches, or goes outside the educa- 
tion system to solve its problems, it may be working at cross purposes 
with other reformers. Science education reformers should continue to 
encourage business leaders to take the long-term view when getting 
involved in education reform, and educators and business people 
should remain at the reform table together. 


THE CURRENT STATUS 


Although there is little research on the extent of business involvement 
in K-12 education, anecdotal evidence suggests that big business is 
usually more involved than smaller organizations. Though every com- 
munity cannot have access to a Xerox production facility or an AT&T 
laboratory, every community does have businesses that can contribute 
to science education. Power companies, telephone companies, engineer- 
ing firms, environmental businesses, and veterinarians all have the 
potential to help. For instance, David Coen of Vermont’s State 
Systemic Initiative formed a partnership with a backhoe operator who 
visited elementary school classrooms to explain why it is not possible to 
operate a backhoe without a solid knowledge of math (Coen, 1993). 

The key point for education reformers to recognize about business 
involvement in K-12 education is that businesses most likely to 
become involved in reform are those who feel most affected by today’s 
competitive environment. 


Tue Narure or Business INVOLVEMENT 

Recently, there have been important changes in business’ priorities for 
education reform. For example, business is now urging a more inclu- 
sive approach, as evidenced by the Business Roundtable’s 1990 educa- 
tion reform credo that “every student can learn at significantly higher 
levels.” Demographic projections indicate an increasingly important role 
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in tomorrow’s work force for traditionally underrepresented groups— 
women, minorities and immigrants—and businesses have testified before 
Congress for increased Head Start funding to ensure that today’s 
schools better serve these populations. 

Second, business has changed its traditional approach of reserving 
most of its education investment for higher education. Recognizing 
the need to improve learning earlier in students’ lives, business 
increased its giving to elementary and preschool programs consider- 
ably during the late 1980s and early 1990s and has recently increased 
its support of pre-K education. Financial support for K-12 education 
grew as a percentage of overall educational contributions during that 


period, peaking in 1992 (Sommerfield, 1993; Tillman, 1994). 
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Millions of dollars 


And third, business involvement in partnerships, alliances, and 
other collaborative education efforts is growing. About 50% of 
America’s school districts are engaged in some kind of partnership 
with business (National Association of Partners in Education, 1991). 
The trend toward widespread and more systemic partnerships offers 
hope that business-school relationships are becoming a key part of sci- 
ence education reform. Although information on the types of business 
likely to get involved in education is as sketchy as data on the extent 
of their involvement, a handful of studies and surveys suggests that 
banks, utilities, insurance companies, financial services companies, and 
electronics and high-tech firms are most likely to collaborate on 
school reform (Shakeshaft & Trachtman, 1986). Other frequent col- 
laborators include paper companies, manufacturers, and aerospace and 
automotive companies. 
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As educational policy makers at the state 


Most states have and national level continue to pursue systemic 
: change, businesses are increasingly engaged 
reform Groups in : 
fo or in the reform effort. Most states have reform 
which business groups in which business plays a major role, 


and it is not uncommon for a 1990s CEO to 
visit the White House or the Department 
of Education to discuss school reform. The 
Business Roundtable, which includes more than 200 CEOs from 
America’s leading companies, is committed to a ten-year, 50-state reform 
initiative. This initiative focuses on public policy issues, including 
standards, performance and assessment, school accountability, school 
autonomy, professional development, parent involvement, learning 
readiness, technology, and safety and discipline. As an important actor 
in the business community and therefore in the policy community, the 
Business Roundtable initiative is already having an impact on education. 

Businesses are also increasingly encouraging well-defined content 
standards like Project 2061’s Benchmarks for Science Literacy (1993) and 
academic content frameworks at the state level. The 1996 Governors’ 
Education Summit—well attended by prominent CEOs—added 
momentum to this drive. Associations and collaborative groups are 
expanding their roles in education reform. The National Alliance of 
Business (NAB) focuses on education reform as it relates to work-force 
issues. Eleven business organizations belong to the Business Coalition 
for Education Reform, an NAB-led umbrella group that addresses 
legislative matters relating to education. The Council for Aid to Educa- 
tion exists to stimulate private support—especially business support— 
of education. Trade associations such as the Edison Electric Institute, 
Chemical Manufacturers Association, and American Petroleum Institute 
have well-established education programs and they also encourage 
members to work in concert with educators, communities, and other 
businesses in restructuring K-12 education. Local Chambers of 
Commerce have contributed significantly to resources produced by the 
U.S. Chamber of Commerce’s Center for Workforce Preparation and 
Quality Education. 

Not surprisingly, many of the large companies that are involved in 
K-12 education concentrate their efforts on science, mathematics, and 
technology, as these subjects naturally help to meet future work-force 
needs and promote U.S. competitiveness. In supporting science and 
mathematics, businesses emphasize curricula, motivation, achievement, 


plays a major role. 
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school-business contacts, and technology-based instruction (Lund & 
Wild, 1993). Increasingly, science educators are recognizing that business 
can—and probably should—play an active role in effecting change. The 
Corporate Council for Mathematics and Science Education, the National 
Science Resources Center, the Triangle Coalition for Science and 
Technology Education, The National Science Teachers Association, 
and the American Association for the Advancement of Science work 
closely with business to solicit input about science education reform 
issues and to include representatives from the scientific and business 
communities on their advisory boards. 

Finally, there is a growing interest in school-to-work transition 
(STW), which aims to close the gap between what happens in school 
and what is needed on the job by using each to reinforce the other. 
Many business leaders see ST'W as a way to improve education gener- 
ally, while many educators are beginning to see possibilities for STW 
to go far beyond the traditional school vocational program. The goal of 
STW is to acknowledge, from a pedagogical and curricular perspective, 
that although the majority of students put their future economic life 
near the top of their list of educational objectives, they also think of 
vocational education as a dead-end track intended for someone else 


(Timpane & McNeill, 1991). 


THe MorTivaTion For Business INVOLVEMENT 

The desire for a highly skilled work force is a major factor motivating 
business involvement in science and math education reform. Many busi- 
nesses contend that today’s schools do not provide the highly skilled 
workers needed for today’s work. Such thinking reflects the popular 
wisdom, but critics ask whether a skills shortage really exists and ques- 
tion the link between curriculum content and workplace needs. Still 
others suggest that America’s lack of competitiveness in the 1970s and 
1980s resulted from poor management, not poor workforce training on 
the part of public schools. Only now is the reality of a high-tech work- 
place catching up with the rhetoric. Manufacturers will increasingly 
demand the services of highly skilled workers as jobs become more 
complex. That appears to be the case with the Big Three auto makers, 
which in hiring production line workers reportedly check on applicants’ 
“reading and math abilities, manual dexterity and understanding of 
spatial relations.” These checks take the form of a three-hour group 
exercise in which applicants are evaluated on their contribution to a 
task, such as improving a production-line process (Meredith, 1996). 
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Many chemical, pharmaceutical, biotechnology, and other companies 
that depend on a highly trained work force also see a science literate 
public as crucial to their future success. Said one chemical company 
CEO, “It is important to educate all children to be literate, informed 
citizens and consumers—the same citizens and consumers who buy 
our products go to the polling booth and vote on issues which affect the 
success of our industry.” Public relations, community relations, employ- 
ee relations, economic development, and corporate social responsibility 
continue to motivate business involvement. 

Business involvement in education always sparks debate about whether 
schools exist to educate students for life or for work. The answer should 
be both—that a school’s customers are students, parents, and society. 
While much of the dialogue about business’ relations with schools 
revolves around preparing students for the workplace, surveys consistently 
reveal that businesses do not expect schools to provide job training for 
future workers. Business wants workers who have mastered basic skills 
and who have good work habits and attitudes (Mann, 1987). “You teach 
‘em, we'll train ‘em” remains an appropriate call for today’s businesses. 

A difficult issue arises when corporations promote products, ideas, 
or values in public schools. Many people criticize business harshly for 
using schools to promote ideas of free enterprise and to distribute 
materials reflecting the corporate view on issues such as environmental 
protection, labor, and energy. Some businesses recognize this fact and 
have structured their involvement to address broader goals such as the 


development of critical thinking skills. 
THE NEEDED CHANGES 


The ideal and useful relationship between business and science educa- 
tion reformers would be a truly collaborative one in which each part- 
ner understood the other's perspective and was comfortable with con- 
structive criticism. Business would advocate reform in public policy 
debates and funding requests, keeping the issue high on society's agen- 
da. Business would participate in science education reform and assist 
local schools—offering expertise in strategic planning and finance, 
encouraging employees and parents to participate in school-improve- 
ment efforts, and collaborating with schools on programs that make 
schooling more relevant to students’ lives. Schools and business would 
work together to maximize schools’ use of volunteers, funding, and in- 
kind contributions from business. 
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AFFECTING EpucaTION Po icy 

Business would also signal to students that science literacy is 
important to future success and would actively participate in school- 
to-work programs. Business would help to develop effective science 
curriculum materials and provide internships and summer employ- 
ment to assist minority, female, and disadvantaged students in pursu- 
ing successful careers in science. 

As one of the country’s most powerful political lobbies, business 
can help to create safe policy space for science education reform to 
flourish, especially in the areas of finance and implementation. Now 
that many business leaders have been involved for more than a decade, 
they are an especially powerful voice for science education reform. 
Having one or several respected business leaders support science 
benchmarks and standards can make an extraordinary difference in 
passing legislation that will support the type of teaching and learning 
promoted by science educators. But business will not always want to 
lobby directly on behalf of controversial reforms. In these instances, 
such lobbying can be done through trade associations or the many 
business alliances that were described earlier. 

Continuing efforts to upgrade the quality of education in South 
Carolina illustrate how business can lead a long-term advocacy effort. 
Businesses there played an active role in developing reforms and push- 
ing policymakers to provide the necessary funding in 1983-84. They 
also helped to implement the reforms and to sustain the momentum 
that so often fades from reform efforts. On several occasions they beat 

back efforts to gut the original legislation. 
Many people belteve Many people believe that business’ most cru- 
cial role in education reform is to be an advo- 
cate for reform efforts, convincing parents, 
crucial role in the public, and policymakers to focus on 
meaningful change—just as they did in 
South Carolina. 


that business most 


education reform 1s 


to be an advocate In addition to being an advocate, business 
can place constant pressure on many levels of 
fe ae refe efforts the system to change. As major contributors 


to universities, business can encourage schools of education or depart- 
ments of chemistry, for instance, to reform the way they teach. Business 
is often the only institution with enough power and credibility to 
bring together key constituencies—educators, policymakers, parents, 
and business representatives—to support education reform. 
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Demanding “improvement” in education 1s easy; defining “improve- 
ment” is often difficult, but critical if businesses expect schools to pro- 
duce an improved workforce for the next century. In support of higher 
standards and expectations, business can make grades and attendance 
important factors in hiring considerations. It can also clearly define its 
workplace needs and inform schools of future skills—in alignment 
with science standards—that will be needed on the job. 

Finally, business can play a critical role in improving education by 
adopting workplace practices that allow parents to be with their children 
at key moments and to become involved in their children’s education. 
Providing parents with paid time off to visit a child’s teacher or devel- 
oping a formal education policy that legitimizes employee/parent 
volunteerism in schools, for instance, can be an invaluable incentive 
for getting parents into the classroom. 


Direct CONTRIBUTIONS TO REFORM 

Although corporate grants to public schools will never rival public sup- 
port, business funds can still be helpful—especially if they are available 
for professional enrichment activities or pilot projects. Businesses with 
experience in leadership, quality, and managing change can make sig- 
nificant contributions to the increased staff development called for in 
science education reform. Many companies today focus their contribu- 
tions to achieve greater program leverage and results. In order to sup- 
port specific changes in curriculum, professional development, materials, 
or assessment, businesses often combine financial assistance such as 
scholarships or incentives for students and teachers with employee 
involvement and expertise. 

Breaking down walls between schools and the community directly 
affects business, and the day should come when the involvement of 
parents, business people, and others in schools will no longer be news. 
As students learn more meaningful science, schools will surely need 
more and better facilities and equipment—materials that business is in 
a unique position to provide. Business contributions can fill gaps in 
needed resources by funding supplemental booklets, films, and other 
needed materials. 

In addition to providing facilities and materials to schools, busi- 
nesses are providing schools with technology and expertise on using it. 
Local cable and telephone companies are wiring some schools for 
Internet access. The relationship between Thomas Jefferson High 
School in Virginia and Westinghouse—described in detail in Blueprints’ 
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Chapter 6: Curriculum Connections—exemplifies how business can 
both provide schools with the latest technology and help students 
understand and use that technology. 

A successful example of business providing support for classroom 
science and mathematics teachers is the Industry Initiatives for Science 
and Math Education (IISME) program in the San Francisco area. A 
consortium of companies and government laboratories, working with 
the Lawrence Hall of Science, provides summer internships for K-12 
teachers. 

Although we usually think of business volunteers or programs inside 
the classroom, volunteers often make their greatest contributions else- 
where. Industry scientists and engineers across the country design 
school-to-work transition programs that are showcased at school career 
days; participate in professional development programs for science 
teachers; keep teachers current on new technologies and their applica- 
tions; provide technical input in developing inquiry-based curriculum 


Industry Initiatives for Science and Math Education (IISME) 

When school lets out for the summer, San Francisco area science and 
mathematic teachers take on careers as summer fellows. For eight weeks, 
teachers embark on fellowship programs that provide them with paid, 
mentored jobs in businesses and industries. 

Teachers are given challenging work assignments to recharge their 
interest and motivation. Companies receive enthusiastic workers and an 
opportunity to show teachers the skills that students need to be produc- 
tive members of the workforce. Students benefit from the ten percent of 
their fellowship time that teachers devote to developing an action plan 
to translate their summer experience into enriched instruction. 

The IISME experience does not end when school resumes. More 
than 85 percent of mentors either make classroom visits or host student 
visits to their work site during the school year. Since the program started in 
1985, sponsors have devoted more than 30,000 volunteer hours to 
improving math and science education. 

IISME’s reach extends far beyond the Bay Area. As one of the oldest 
programs of its kind, HSME has helped launch similar programs 
throughout the United States and abroad. More than 90 scientific work 
sites for teachers now exist in the United States. 


Source: Industry Initiatives for Science and Math Education. (1996). 4 decade of discovery. 
Santa Clara, CA: Author 
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materials; and serve as role models and mentors for students, especially 
for minorities and women. Teachers find it much easier to relate class- 
room work to the real world if companies provide tours of facilities, 
workshops for students and teachers, and apprenticeships for students 
outside the classroom. 

In one attempt to foster a school/industry partnership, Eastman 
Chemical Company in Kingsport, Tennessee, alternates contracts with 
two local school systems to have middle school science teachers spend 
two years with Eastman as “educators-on-loan.” During that time, the 
teachers serve as liaisons with partnering schools and help the compa- 
ny evaluate school requests for help. Eastman had previously sent only 
professionals and managers into schools; today any employee may be 
found volunteering time in the classroom. The schools and the com- 


The Jefferson Davis High School Educational Collaborative 
Thanks to the work of Tenneco, Inc., and its partners in the Jefferson 
Davis High School Educational Collaborative, the college enrollment rates 
for this inner-city Houston high school jumped from 10 percent in 1989 
to about 60 percent in 1994, 

Tenneco formed the collaborative with the University of Houston, a 
coalition of churches, Communities in Schools (an organization funded 
by private and public sectors), and the Houston School District. The 
goal was to reduce the dropout rate and increase the rate of college ; 
acceptance. After 5 years, the dropout rate fell to 15 percent and the 
students passing the Texas Assessment of Academic Skills test rose 
from 37 to 86 percent. 


The primary role for Tenneco is supporting the Presidential 
Scholarship Program which provides four-year tuition assistance to 
graduating seniors with grade-point averages of 2.5 or above. In addi- 
tion, the company provides part-time employment for Jefferson juniors 
and seniors, sponsors dropout prevention programs, and supports acade- 
mic achievement and attendance incentives. 

Tenneco’s involvement began at Jefferson Davis in 1981, when 
employces began volunteering as tutors. Two years later, the company 
funded a leadership training program for students, and in 1988 an acad- 
emic bridge program was started to help students make the transition 
from middle school to high school. 


Source: Council for Aid to Education. (1994). Leaders for Change. New York: Author. 
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pany have a written agreement that clearly identifies guidelines and 
expectations, and the company actively maintains contact with—and 
therefore the trust of—local school officials, the district superinten- 
dent, local principals and teachers, and the school board. 

Various kinds of science alliances around the country help to coordi- 
nate area scientists, offer enrichment programs, and function as clearing- 
houses of resource materials for schools and businesses that are interested 
in collaborating on improving education in local areas. In Houston, Texas, 
the Jefferson Davis High School Collaborative, formed with the help 
of Tenneco, has raised the percentage of students passing the state 
assessment from 37 to 86%. 

This type of third-party structure often provides business people with 
the encouragement they need to participate and shifts the burdens of 

collaboration—locating suitable business repre- 
Indeundual employees sentatives, instructing them on effective class- 
room activities, and ensuring that they will 
show up—away from individual teachers. 
and taxpayers will Ultimately, business isn’t monolithic. Indi- 
vidual employees who are parents and taxpayers 
will carry out most of the work that “business” 
work that “business” undertakes to implement science education 
pees reform. Business as a whole cannot be expect- 

ed to march in lockstep with all reform goals 
implement science or to make a major financial contribution— 
beyond the taxes it already pays—to improve 
public schools generally. Finally, business can 
make an important contribution by letting 
educators know what skills the workers of tomorrow will need, while 
recognizing that educational decisions ultimately must be made by 
educators, parents, and students—not by business people. 


who are parents 


carry out most of the 


education reform. 


BARRIERS TO SUCCESSFUL INVOLVEMENT 

The business-education collaboration described above faces several barri- 
ers. Business is often disdainful of what it labels as education’s “ineffi- 
ciency,” while educators have long doubted the ability of profit-making 
business to understand the uniqueness of school systems. This mutual 
mistrust is difficult to overcome. Hopefully, the kind of collaboration 
envisioned here and described in The Conference Board’s report, Business 
and Education Reform: The Fourth Wave (Waddock, 1994), will reduce 


historical suspicions and enable participants to move beyond symptoms 
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and stereotypes to underlying needs and problems. This collaboration 
can lead to true two-way involvement in which business and education 
help one another meet their needs. 

Despite all that has been written about problems in American edu- 
cation today, and despite the involvement of corporate America in 
reform efforts, the majority of business Brees remain uninvolved in 
—— - public schools. Large cor- 
Business Involvement in Education: Four Waves porations that are not 


First Wave:  Business-Supported School Programs involved in education 
indicate that their 
employees lack the time 
to volunteer, or believe 


Second Wave: Applying Sound Management Principles 
Third Wave: Public Policy Initiatives 


Fourth Wave: Collaboration for Systemic Reform business and schools 
Source: Waddock, S. (1994), Business and education reform: The fourth j 5 
wave. New York: The Conference Board. f f should remain sep arate 


entities (Shakeshaft & 
Trachtman, 1986). Recently, however, some major corporations have 
made commitments to providing time for their employees to do vol- 
unteer work in schools or attend school events. 

School reform has always been and will continue to be a politically 
charged issue. Whether significant numbers of businesses are willing 
to speak out during debates on issues such as national standards 
remains to be seen. Although groups such as the Business Roundtable 
have brought some cohesion to recent business activities advocating 
school reform, the United States largely lacks groups that are able to 

speak for business as a whole on the ongoing 
As long as businesses issue of science education reform. 

Because a business’ involvement in educa- 
tion is very often the result of a CEO's deci- 
efforts to be disoint- sion, turnover in management can have a 
deleterious effect on business-school partner- 
ships. The impact of such turnover can be 
business and reform- minimized if business adopts strategic plans 
to guide its grant making and program 
involvement. 

Many corporate scientists have little 
knowledge of science education reform, and their nonscience counter- 
parts have little knowledge of school reform generally. Involved busi- 
ness leaders often know little about the substance of school reform— 
curriculum frameworks, embedded assessment, and so on. Modern 
theories of learning and notions that problems may have no “right” 


perceive reform 
ed, relations between 


ers will suffer. 
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answer could be troubling to those who believe that things do have one 
right answer or who were served well by a more traditional approach 
to schooling. The most consistent and emphatic plea from business is 
for more coherence among the plethora of science reform organizations 
and efforts. As long as businesses perceive reform efforts to be disjointed, 
relations between business and reformers will suffer. 


RECOMMENDATIONS 


Local efforts to build relationships between the business community and 
science education reformers should start with a small group of business 
people chosen for their prior experience with science education in public 
schools. This small, high-powered group could not only serve as advis- 
ers but could help forge links with other groups. Getting business peo- 
ple involved in the development of curriculum blocks or other “hands- 
on” engagement has been shown to greatly increase business interest in 
and support for school reform efforts. 

Business is not interested in supporting multiple groups striving for 
what it sees as the same results. Science education reformers should either 
work to define the way they are unique or collaborate with others—such 
as Project 2061 or the National Research Council—that are seeking a 
national support structure for implementing reform. Business and schools 
can take the following steps to bring about the type of reform envisioned 
by Project 2061 and other reform organizations: 

m Key business leaders and science educators should agree on their 
roles and communicate them to the community through success stories, 
increasing exposure in the business community and preempting oppo- 
sition to reforms. 

m To develop crucial state and local alliances science education 
leaders should contact key business associations that have a demon- 
strated interest in school reform. 

@ Science educators should utilize materials—many of which already 
exist—that offer guidelines for local educators to work effectively with 
business. The Education Commission of the States, for example, pub- 
lishes Statewide Restructuring of Education: A Handbook for Business, 
which presents different perspectives on subjects from assessment to 
teacher preparation. 

@ Business can sponsor professional development and summer 
internships for science teachers and students and work with schools of 
education to support changes in science teacher training. 
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m Business can encourage deeper employee/parent involvement in 
schools by providing flexibility for employees to attend school events 
or volunteer in classrooms. 

@ Business produces numerous materials for America's classrooms 
and should be encouraged to make those materials consistent with 
Benchmarks and National Science Education Standards (National 
Research Council, 1996). 

™ Business can be an especially effective advocate for reform by enhanc- 
ing public understanding of the connection between well-educated 
students and American economic success. 

@ Connections between science education and the world of work 
can be strengthened and encouraged through business internships and 
school-to-work programs. 

The most significant impact is achieved when both business and 
schools emphasize systemic and long-term science education reform. 
Alliances that offer tangible benefits to both business and the schools 
and that build a local base of political support that includes teachers, 
scientists, parents, and local business and industry have the best chance 
for lasting change and improvement. 
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Resources and Contacts 


ONE OF THE TENETS underlying the recommendations in Blueprints is 
that good ideas should be replicated. Rather than reinventing pro- 
grams in thousands of places, systemic reform seeks to bring efficiency 
into the educational system, building on quality work where it exists. 
As the Project 2061 staff prepared the Blueprints chapters, they could 
see that many exemplary programs and projects related to reform were 
already underway. 

To assist Blueprints readers in their own efforts to improve mathe- 
matics, science, and technology education, we have included in this 
Resources section a selected list of programs and projects mentioned in 
the chapters, as well as others that are especially relevant and/or note- 
worthy. Most of these programs are national in scope and outreach, 
making it possible for individual schools or districts to adapt their mate- 
rials or strategies. 

The Blueprints chapters represent the variety of disciplines and 
organizations that are involved in reform. As reform in science, mathe- 
matics, and technology education has progressed over the past decade, 
scores of groups and organizations have become prominent. The 
Contacts section provides information on selected national organiza- 
tions, agencies, and programs that are key players in science, mathe- 
matics and technology education, or in education reform. 

Although it was beyond the scope of this work to identify all projects 
and groups that are dedicated to reform, the Resources and Contacts 
are a starting point for those seeking more information. As with the 
Blueprints chapters themselves, these lists are a work in progress, and 
Project 2061 welcomes your additions and updates. 
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Resources 


Accelerated Schools Project 

The Accelerated Schools Project was designed 
to improve schooling for children in at-risk 
situations. Each school uses three princi- 
ples—unity of purpose, empowerment cou- 
pled with responsibility, and building on the 
strengths of all members of the school com- 
munity—to develop and work toward its 
own specific goals. Instead of placing at-risk 
students into remedial classes, accelerated 
school communities—staff, parents, admin- 
istrators, students, and local community 
members—provide them with the types of 
challenging activities that are generally 
reserved for gifted students. Members of the 
school community encourage students and 
teachers to think creatively, explore their 
interests, and achieve at high levels. 
Accelerated schools seek out, acknowledge, 
and build on every child’s natural curiosity, 
encouraging students to build knowledge 
and develop complex reasoning and problem- 
solving skills through exploration and dis- 
covery and by making connections between 
school and home activities. More than 700 
schools in 38 states are affiliated with the 
Accelerated Schools Project. 

National Center for the Accelerated 
Schools Project 

Stanford University 

CERAS 109 

Stanford, CA 94309-3084 

415/725-1676 

E-mail: hf.cys@forsythe.stanford.edu 
http://www-leland.stanford.edu/ 
group/ASP 


Access Science 

Access Science is a project of the National 
Easter Seal Society (NESS). Funded by the 
National Science Foundation, Access Science 
was developed in collaboration with the 
American Association for the Advancement 
of Science. Children with disabilitics and 
their families gather in monthly workshops 
to conduct hands-on science activities and 
to test and suggest adapted equipment for 
each activity so that every child can partici- 
pate. Access Science introduces children to 


role models with disabilities who are profes~ 
sionals in science, math, and technology 
fields and who describe the career opportu- 
nities that are available to them. 

Marilyn Hamper 

Access Science Project Manager 

National Easter Seal Society 

230 West Monroe 

Suite 1800 

Chicago, IL 60606 

312/726-6200 


Alliance for Technology Access 

Making technology a regular part of the lives 
of people with disabilities is the goal of the 
Alliance for Technology Access. The Alliance 
works to increase the awareness, understand- 
ing, and implementation of assistive tech- 
nologies. More than 40 community-based 
technology resource centers and 70 technical 
designers and developers comprise the 
Alliance for Technology Access. Based on a spirit 
of collaboration and partnership, the A//iance 
is run by children and adults with disabilities, 
their families and friends, teachers, service 
providers and employers. The A//iance joins 
with industry, such as BNI and Nlattel Found- 
ation, to expand the possibilities of integrat- 
ing students with disabilities into educational 
settings where they can use computers and 
other technology to learn. 

Russ Holland, Executive Director 

Alliance for Technology Access 

2173 East Francisco Boulevard 

Suite L 

San Rafael, CA 94901 

415/455-4575 


ASPIRA Mathematics and 

Science Academy 

Working primarily with Puerto Rican and 
other Latino middle-school students, the 
ASPIRA Mathematics and Science Academy 
(MAS) strives to increase the interest and 
skills of underrepresented students in math- 
ematics and science. In Spanish, mas means 
plus or more; ASPIRA believes that all 
children should have more access to the 
adequate academic environment and social 
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support they deserve, especially in science 
and mathematics. MAS offers a computer 
learning lab for students, after-school tutor- 
ing and homework monitoring, seminars 
about the importance of parental involve- 
ment in mathematics and science, field trips 
to various facilities that employ scientists 
and mathematicians, and summertime 
activities and seminars for students. ASPI- 
RA has established MAS academies in 
Chicago, Illinois and Bridgeport, 
Connecticut. 

Hilda Crespo, 

Interim National Executive 

1112 16 Street, NW 

Suite 340 

Washington, DC 20036 

202/835-3600 

FAX: 202/223-1253 

E-mail: aspiral@aol.com 


Blue Ribbon Schools Program 

The Blue Ribbon Schools Program identifies 
and nationally recognizes a diverse group of 
public and private elementary and secondary 
schools that are unusually effective in meeting 
local, state, and national education goals and 
in educating all of their students. The pro- 
gram aims to improve schools through the 
self-evaluation that is required of participat- 
ing schools and to encourage the pursuit of 
excellence by providing national recogni- 
tion. A review panel composed of school 
educators, college and university faculty, 
state and local government officials, school 
board members, and community members 
selects Blue Ribbon schools. Their criteria 
include the candidate schools’ leadership; 
teaching environment; curriculum and 
instruction; student environment; parent 
and community support; organizational 
vitality; student performance on measures 
of achievement; daily student and teacher 
attendance rates; students’ postgraduate pur- 
suits; and student, staff, and school awards. 
U.S. Department of Education 

Recognition Division 

Washington, DC 20208-5645 
202/219-2149 


The Business Round Table Education 
Initiative 

In 1989, the Business Round Table (BRT) 
undertook a 10-year effort to promote the 
nationwide systemic reform of public 
schools. The BRT and its member compa- 
nies work with governors, chief state school 
officers, and business and educational orga- 
nizations to create comprehensive reform 
strategies in all 50 states. The Essential 
Components of a Successful Education System 
is a nine-point agenda for educational 
reform that is based on the belief that all 
children can and must learn at increasingly 
higher levels. 

The Business Round Table 

1615 L Street, NW 

Washington, DC 20036 

202/872-1260 


Closing the Gap 

Exploring the use of microcomputers as per- 
sonal and educational tools for people with 
disabilities, especially students in K-12, 
Closing the Gap is a cutting-edge newsletter 
that comes out six times a year. This publica- 
tion includes practical computer application, 
software reviews, and related news and infor- 
mation with and emphasis on special educa- 
tion. Closing the Gap sponsors an annual con- 
ference featuring a wide range of workshops 
and seminars on microcomputers and their 
applications. 

Closing the Gap 

P.O. Box 68 

Henderson, MN 56044 

612/248-3294 


The Coalition of Essential Schools 

The Coalition of Essential Schools is a school- 
university partnership that redesigns Amer- 
ican high schools to improve student learn- 
ing and achievement. The Coalition of 
Essential Schools offers no specific model or 
program for schools to adopt; however, each 
school uses the project’s nine common prin- 
ciples to redesign its structure and practices 
and to develop programs that best serve its 
own students, faculty, and community. The 
Coalition of Essential Schools provides profes- 
sional development activities and programs 
for faculty members and develops seminars 
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and workshops to promote and support 
change. The projcct includes more than 230 
member schools in more than 30 states, with 
an additional 250 schools in the planning 
stages and 530 schools in the exploratory 
stage. 

Carrie Holden, Schools Coordinator 
Coalition of Essential Schools 

Box 1969 

Brown University 

Providence, RI 02912 

401/863-3384 
http://home.aisr.brown.edu/ces/ 


Comer School Development Program 

In keeping with the African proverb that it 
takes a whole village to raise a child, the 
Yale Child Study Center Team in New 
Haven, Connecticut, developed a program 
in 1967 that brings together educators, par- 
ents, and community members as a school- 
based team and helps build meaningful 
parental involvement into the culture of the 
school. Under the School Development 
Program a management team of parents and 
teachers sets objectives and strategies 
regarding school climate, academics, and 
staff development. Parents develop work- 
shops for parents, become actively involved 
in tutoring, help teachers plan and imple- 
ment the school’s social calendar, and serve 
as classroom assistants. The School 
Development Program has been adopted by 
more than 600 schools in 21 states and the 
District of Columbia. 

Cynthia Savo 

School Development Program 

53 College Street 

New Haven, CT 06510 

203/737-1020 

E-mail: cynthia.savo@yale.edu 
http://pandora.med.yale.edu/comer/wel- 
come.html 


Council of the Great City Schools 

The Council of the Great City Schools is a 
coalition of more than 50 of the nation’s 
largest urban public school systems that 
works to promote urban education through 
legislation, research, media relations, man- 
agement, technology, and special projects. 


The Council serves as the national voice for 
urban educators and provides a vehicle for 
them to share information about promising 
practices and address common concerns. 


Urban Education Service Corps 

The Urban Education Service Corps seeks to 
enhance the educational achievement of 
inner-city students and improve teacher 
recruitment and professional development. 
The Corps builds on existing partnerships 
between public school systems, colleges of 
education, and community groups in 
Philadelphia, Long Beach, Omaha, Denver, 
and Toledo. Each local partnership addresses 
school issues by broadening the range of 
school services to increase educational 
achievement for students in urban schools 
who lack basic academic skills; expanding 
and diversifying the pool of teachers for 
urban schools; and enhancing the skills of 
AmeriCorps members in community service, 
civic responsibility, and teaching. 

Shirley Schwartz 

Renee Carr 

Council of the Great City Schools 

1301 Pennsylvania Avenue, NW, 

Suite 702 

Washington, DC 20004 

202/393-2427 

FAX: 202/393-2400 

hetp://Awww.cgcs.org 


Urban Education Technology Forum 

The Urban Education Technology Forum 
(The Forumt) is a partnership between the 
Council of Great City Schools and selected 
businesses and institutions. The Forum 
addresses outreach assistance, information 
exchange, cooperative program design and 
development, and discussions of critical issues 
and concerns related to applying technology 
to urban education. The Forum's activities 
are designed to reduce duplication of efforts, 
reduce costs related to implementing tech- 
nology in urban schools, exchange informa- 
tion, establish joint funding projects, and 
increase program effectiveness. 

Mark A. Root, Manager of Technology and 
Information Services 


Council of the Great City Schools 


RESOURCES AND CONTACTS 269 


1301 Pennsylvania Avenue, NW, 
Suite 702 

Washington, DC 20004 
202/393-2427 

FAX: 202/393-2400 
http://www.cges.org 


DO-IT (Disabilities, Opportunities, 
Internetworking, Technology) 

The DO-IT Program, funded by the 
National Sctence Foundation and located at 
the University of Washington College of 
Engineering, introduces high school students 
with disabilities to college and careers in 
engineering and science. Students spend two 
weeks on campus participating in labs in dif- 
ferent disciplines and learning how to access 
information via the Internet. Following the 
summer program, students communicate 
with one another and an international net- 
work of volunteer mentors using electronic 
mail. A larger discussion group, “do-itsem,” 
shares information on assistive technology, 
adapted hardware and software of special 
value to students with disabilities in precol- 
lege and postsecondary settings. 

Sheryl Burgstahler 

College of Engineering/FH-10 

University of Washington 

Seattle, WA 98195 

206/543-0622 


Dwight D. Eisenhower Mathematics and 
Science Education Program 

The Eisenhower Program is designed to 
improve the skills of teachers and quality of 
mathematics and science instruction in the 
nation’s elementary and secondary schools. 
The Eisenhower State Grant Program funds 
opportunities for teacher professional devel- 
opment. The Eisenhower National Program 
supports innovative projects that are designed 
to improve the quality of teaching in mathe- 
matics and to provide quality instruction to all 
students. 

Eisenhower National Program 

U.S. Department of Education 

55 New Jersey Avenue, NW 

Washington, DC 20208 

202/219-2126 

http://www.enc.org 


EQUITY 2000 

This project, currently underway in six major 
school districts nationally, is designed to 
close the gap in college-going and success 
rates between non-minority and minority 
students and advantaged and disadvantaged 
students. The project seeks to eliminate track- 
ing, set high standards for all students and 
provide the support to enable all students to 
reach those standards, and increase students’ 
aspirations to attend college. EQUITY 2000 
combines counseling and classroom instruc- 
tional strategies with teacher preparation to 
prove that all students can master algebra and 
succeed in college. 

Vinetta Jones, National Director, 

EQUITY 2000 

The College Board 

45 Columbus Avenue 

New York, NY 10023 

212/713-8268 

http://www.collegeboard.org 


Faith Communities Project 

The AAAS Faith Communities Project helps 
churches across the country incorporate 
hands-on science, mathematics, and tech- 
nology activities into their non-religious 
educational programs. The Faith Communities 
Project seeks to engage parents and children 
in hands-on science activities in communities 
where the church is a central institution. The 
AAAS assists churches with program plan- 
ning and implementation, trains church vol- 
unteers to conduct hands-on science and 
mathematics activities, and provides activity 
manuals and materials to churches. 

Sandra Parker or Brenda Files 

AAAS 

Education and Human Resources 

1200 New York Avenue, NW 

Washington, DC 20005 

202/326-6783 or 202/326-6682 

E-mail: sparker@aaas.org or bfiles@aaas.org 


FAMILY MATH 

The EQUALS staff at the University of 
California’s Lawrence Hall of Science devel- 
oped FAMILY MATH in 1982 to help par- 
ents learn the mathematical skills they 
needed to help their children with their 
homework. FAMILY MATH's primary aims 
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are to prevent parents from passing negative 
attitudes about mathematics on to children, 
help parents familiarize children with the 
broad scope of mathematics through rou- 
tine family activities, and teach parents and 
children to approach mathematics as prob- 
lem solvers. Through the program’s activi- 
ties, parents learn to stimulate their chil- 
dren’s mathematical and scientific thinking 
in the home just as they foster their chil- 
dren’s literacy by reading to them. 
Communication between teachers and par- 
ents in the FAMILY MATH program increas- 
es parental interest in improving the mathe- 
matics curriculum to prepare all students for 
high school mathematics. 

Jose Franco, Director 

EQUALS 

Lawrence Hall of Science 

University of California 

Berkeley, CA 94720 

510/642-1823 

FAX: 510/643-5757 

E-mail: equals@uclink.berkeley.edu 
http://equals.lhs.berkeley.edu 


FAMILY SCIENCE 

This national outreach program combines 
teacher inservice education with a family 
learning program. FAMILY SCIENCE pro- 
vides opportunities for families to have 
enjoyable science experiences, relate learning 
science to future studies and work, and 
involve parents in their child’s science educa- 
tion. The program uses hands-on learning 
activities to increase the study of science by 
K-8 students, particularly among female and 
minority students. FAMILY SCIENCE 
includes an inservice program that is 
designed to provide educators and comniuni- 
ty members with science and career activities, 
organizational information, and program 
philosophies. 

Peggy Noon, Director 

Northwest EQUALS 

Portland State University 

P.O. Box 751 

Portland, OR 97207 

800/547-8887 ext. 3045 

FAX: 503/725-4838 

E-mail: equals@pdx.edu 


Full Option Science System 

The Full Option Science System (FOSS) is an 
elementary school science program that was 
designed to provide meaningful science edu- 
cation for all students in diverse American 
classrooms and preparing them for life in the 
215 century. Its modular design allows 
FOSS to be used in a variety of ways in 
many school settings and to be adapted to 
almost every science framework, guide, and 
program. FOSS incorporates hands-on 
inquiry, interdisciplinary projects, collabora- 
tive learning groups, and multisensory 
observation. 

Linda DeLucchi 

Lawrence Hall of Science 

Center for Multisensory Learning 
University of California 

Berkeley, CA 94720 

510/642-8941 


High School/High Tech Programs 

As an enrichment program for students with 
disabilities interested in science, math, edu- 
cation, and technology, the High School/ 
High Tech programs offers mentor programs, 
professional shadowing, workshops in science 
and math, and work opportunities. This 
program, available in several states, identifies 
and motivates talented high school students 
with disabilities to pursue science and tech- 
nology careers. 

Richard Sheppard 

President’s Committee for the Employment 
of People with Disabilities 

1331 F Street, NW 

Suite 400 

Washington, DC 20004 

202/376-6200 

202/376-6205(T DD) 


Mathematicians Education 

Reform Forum 

The Mathematicians Education Reform 
Forum is a National Science Foundation pro- 
ject that brings together college and univer- 
sity mathematicians across the nation to pro- 
mote educational reform efforts within the 
mathematics community. The Mathemati- 
cians Education Reform Forum conducts 
national workshops that focus on mathe- 
maticians’ participation in education reform, 
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publishes materials that address mathemat- 
ics and education reform issues, provides 
professional programs for mathematicians, 
and develops educational initiatives in the 
mathematics community. 

Naomi Fisher, MER Co-Director 
Department of Mathematics, Statistics, and 
Computer Science (M/C 249) 

University of Illinois at Chicago 

851 S. Morgan Street 

Chicago, IL 60607 

312/413-3749 

E-mail: NDFisher@uic.edu 
http://www.math.uic.edu/MER/ 


National Alliance of Business 

The National Alliance of Business (The 
Alliance) is a business-led nonprofit organiza- 
tion that provides business leadership to 
reform education and enhance job training by 
shaping public policy; building partnerships 
among business, education, and community 
leaders; and increasing public awareness of the 
need to improve education and job training. 
The Alliance works to achieve excellence in 
education by sponsoring programs that ease 
the transition from school to work and by 
providing publications that contain infor- 
mation about and models of business involve- 
ment in education reform locally and nationally. 
1201 New York Avenue, NW, Suite 700 
Washington, DC 20005 

202/289-2888 


National Assessment of 

Educational Progress 

Under the mandate of Congress and the 
direction of the U. S. Department of 
Education’s National Center for Education 
Statistics, the National Assessment of 
Educational Progress (NAEP) monitors the 
educational progress of nationally represen- 
tative samples of 4%, 8", and 12th graders 
and reports group trends over time. NAEP 
assesses student achievement in reading and 
mathematics every two years, science and 
writing every four years, and history and 
geography at least once every six years; 
examines in detail the performance of a 
cross section of students that are assessed in 
each subject, highlighting home and school 
factors related to achievement, and reports 


teachers’ descriptions of their backgrounds, 
teaching experience, and instructional 
approaches. NAEP’s assessments are 
designed to expand our knowledge of stu- 
dents’ problem solving abilities and offer 
challenging performance tasks for students. 
Archie Lapointe, Executive Director 

P.O. Box 6710 

Princeton, NJ 08541 

800/223-0267 

http://www.ed.gov/NCES/ 


National Center for Fair & 

Open Testing (FairTest) 

FairTest works to ensure that the evaluation 
of students and workers is fair, open, accu- 
rate, accountable, and educationally sound. 
To achieve these goals, FairTest serves as a 
source of information about testing and 
alternatives for educators, parents, public 
officials, journalists, and other policy mak- 
ers; provides information, training, and 
strategic advice to parents, educators, and 
civil rights and womens’ organizations; and 
coordinates and catalyzes educators, citizen 
groups, and parents to effect testing 
reforms. 

Bob Schaeffer, Public Education Director 
342 Broadway 

Cambridge, MA 02139-1802 
617/864-4810 

FAX: 617/497-2224 


National Science Foundation Systemic 
Initiatives 

NSF's Division of Educational System 
Reform sponsors several programs that 
encourage coordinated approaches to the 
standards-based reform of science and math- 
ematics education to ensure a comprehensive 
impact on curriculum, policy, professional 
development, assessment, resource allocation, 
and student performance. Among these pro- 
grams are the Statewide Systemic Initiatives, 
Urban Systemic Initiatives, and Rural Systemic 
Initiatives, which improve coordination 
within states, cities, rural areas, school sys- 
tems, and other educational organizations 
to effect change. 
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Statewide Systemic Initiatives 

The Statewide Systemic Initiatives Program 
(SSI) encourages improvements in science, 
mathematics, and engineering education 
through comprehensive systemic changes to 
the education systems of the states. The 
program seeks to strengthen the infrastruc- 
ture for science and mathematics education 
by supporting the states on issues such as 
leadership development, strategic planning, 
selecting materials, equity, assessment, pub- 
lic awareness, and project evaluation. SSI 
encourages collaboration between educators 
at all levels, business and industry, parents, 
and community members. 

Janice Earle, Senior Program Director 
Carolyn Mahoney, Program Director 

Julia Wan, Program Director 

Statewide Systemic Initiatives Program 
Office of Systemic Reform 

4201 Wilson Boulevard, Suite 875 
Arlington, VA 22230 

703/306-1682 

FAX: 703/306-0456 

TDD: 703/306-0090 

http://www.nsf.gov 


Urban Systemic Initiatives 

The Urban Systemic Initiatives Program (USI) 
in science, mathematics, and technology 
education fosters experimentation, acceler- 
ates the rate of change, and implements sys- 
tem-wide improvement in student learning 
for grades K-12 in the 25 USS. cities with 
the largest number of school-aged children 
living in poverty. USI’s goals are to improve 
the scientific and mathematical literacy of 
all students in urban communities; to devel- 
op the mathematics and science fundamen- 
tals that will enable students to participate 
fully in a technological society; and to 
enable a greater number of urban students 
to pursue careers in mathematics, science, 
and technology. The program seeks to 
change the way school systems deliver 
mathematics, science, and technology educa- 
tion to all students by providing a learning 
environment that includes continuous 
assessment, a challenging curriculum with 
hands-on and inquiry-based learning compo- 
nents, skilled educators, adequate resources, 
and individualized support opportunities. 


Urban Systemic Initiatives Program 
Directorate for Education and Human 
Resources 

National Science Foundation 

4201 Wilson Blvd., Room 875 
Arlington, VA 22230 

703/306-1684 

TDD: 703/306-0090 
http://www.nsf.gov 


Rural Systemic Initiatives 

The goal of the Rural Systemic Initiatives 
Program (RSI) is to promote systemic 
improvements in science, mathematics, and 
technology education for students in rural, 
economically disadvantaged regions of the 
United States. To significantly impact the 
achievement levels of disadvantaged students, 
RSI supports consortia that are formed to 
address curriculum reform, teacher preservice 
and inservice education, policy restructuring, 
assessment, implementation of national 
standards, and the social and economic 
well-being of the targeted regions. RSJ seeks 
to sustain those improvements by encouraging 
community development activities in con- 
junction with instructional and policy 
reform. 

Rural Systemic Initiatives Program 
Directorate for Education and Human 
Resources 

National Science Foundation 

4201 Wilson Blvd., Room 875 

Arlington, VA 22230 

703/306-1684 

TDD: 703/306-0090 

http:/Awww.nsf.gov 


Operation SMART 

Girls Incorporated developed Operation 
SMART in 1985 to provide girls with expe- 
riences that would encourage them to persist 
in science and mathematics in school and 
stay on the track to good jobs and satisfying 
lives. Girls in Operation SMART make their 
own plans and decisions about their activi- 
ties and projects. The program provides a 
variety of activities that are designed to help 
girls become confident inquirers and explor- 
ers. Many Operation SMART programs are 
designed to provide girls with the types of 
hands-on, science-related experiences that are 
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generally reserved for boys—building, dis- 
mantling, using tools and computers, and 
playing games and sports that help teach 
geometry and spatial relations. Operation 
SMART distributes materials to assist others 
in developing similar programs for girls 
nationwide. 

Susan Ellis 

Girls Incorporated 

National Resource Center 

441 West Michigan Avenue 
Indianapolis, IN 46202 

317/634-7546 

FAX: 317/634-3024 

E-mail: hn3580@handsnet.org 


Professional Development Schools 

The Professional Development Schools project is 
a long-term partnership between universities 
and schools nationwide to bridge the gap 
between research and practice in the teaching 
profession. Faculty of Professional Develop- 
ment Schools work with university faculty to 
assist educators, administrators, and coun- 
selors in creating exemplary schools in which 
all children achieve educational excellence. 
The project is committed to improving pre- 
and in-service educational programs for 
practicing and future teachers, engaging 
school staff in studies of teaching and learn- 
ing, and using the results of those studies to 
improve education. 

Dr. Frank Murray, President 

The Holmes Partnership 

101 Willard Hall, Education Building 
University of Delaware 

Newark, DE 19716 

302/831-2557 

FAX: 302/831-3013 

E-mail: fmurray@udel.edu 


Project 30 

Project 30 is a collaborative, nationwide effort 
of 30 representative higher education institu- 
tions to redesign the way prospective teachers 
are educated in the nation’s colleges and uni- 
versities. Project 30% efforts focus on subject 
matter understanding; general and liberal 
knowledge; pedagogical content knowledge; 
multicultural, international, and other human 
perspectives; and teacher recruitment. 


Dr. Frank Murray 

101 Willard Hall, Education Building 
University of Delaware 

Newark, DE 19716 

302/831-2557 

FAX: 302/831-3013 

E-mail: fmurray@udel.edu 


Project EXCEL-MAS 

Through Project EXCEL-MAS (Excellence 
in Community Educational Leadership- 
Math and Science), the National Council of 
La Raza (NCLR) aims to increase and 
strengthen informal math and science edu- 
cation opportunities for Hispanics and to 
help students stay in and succeed in school. 
Project EXCEL-MAS builds on two existing 
NCLR projects—Academia del Pueblo and 
Project Success—that emphasize cooperative 
learning to help at-risk students acquire skills 
in observing, measuring, collecting data and 
other mathematical and science skills that 
they can use in everyday life. Demonstration 
sites in ten communities work with partner 
schools to offer after-school enrichment 
programs for elementary, middle school, and 
junior high school students and their parents. 
Antonia Lopez, Director 

Center for Community Education 
Excellence 

National Council of La Raza 

1111 19 Street, NW, Suite 1000 
Washington, DC 20036 

202/785-1670 

FAX: 202/776-1792 


Project MOSAIC 

In 1992, the AAAS and the Association of 
Science Technology Centers launched a 
three year project called National Resources 
for Equity in Science: Connecting Museums 
and Community Groups, also known as 
Project MOSAIC (Museums Offering Science 
Assistance in the Community). The project 
developed plans for three science museums 
in different regions of the country to appeal 
to a broader, more diverse audience and to 
engage the total community in the life of 
the museum. Project MOSAIC disseminates 
materials for all museums that are interested 
in broadening their audience participation. 
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Yolanda S. George, 

Principal Investigator 

Judy Kass, Project Director 

Elizabeth Spring, Project Assistant 
American Association for the Advancement 
of Science 

Directorate for Education and Human 
Resources Programs 

1200 New York Avenue, NW 
Washington, DC 20005 
202/326-6667 
http://www.nextwave.org/ehr/ 


Project on Science, Technology 

and Disability 

The AAAS Project on Science, Technology 
and Disability was founded in 1975 to 
improve the entry and advancement of peo- 
ple with disabilities in science, math and 
engineering. Primarily an information cen- 
ter, the Project links people with disabilities, 
their families, professors, teachers and coun- 
selors with scientists, mathematicians and 
engineers with disabilities who can share 
their education and career coping strategies 
in technical fields. The AAAS Resource 
Directory of Scientists and Engineers with 
Disabilities, 3rd ed., 1995 lists over 600 
individuals who are available to serve as role 
models and mentors. The Project works with 
NSTA and other organizations to give tech- 
nical assistance to classroom teachers and 
disseminates videos and publications on 
access to science, education, and career 
choices. 

Virginia Stern, Director 

Project on Science, Technology 

and Disability 

American Association for the Advancement 
of Science 

1200 New York Avenue, NW 

Washington, DC 20005 

202/326-6672 (V/TDD) 

http://www. nextwave.org/ehr/ 


Proyecto Futuro (Project Future) 

Proyecto Futuro is designed to build excel- 
lence in K-8 science and mathematics educa- 
tion for Hispanic students nationwide. The 
project seeks to change parent and student 
attitudes about science and mathematics and 
to promote a learning environment in which 


children receive positive reinforcement from 
teachers and parents about how to learn and 
succeed in science. Proyecto Futuro develops 
coalitions of local school councils, principals, 
teachers, and parents; develops materials that 
are culturally relevant for Hispanic students 
and that facilitate hands-on inquiry and 
problem-solving; provides parents with spe- 
cific strategies for encouraging children in 
mathematics and science; and provides train- 
ing, technical support, and resources to 
implement instructional strategies that incor- 
porate scientific process skills and culturally- 
related activities. 

Edward Gonzalez 

AAAS 

Education and Human Resources 

1200 New York Avenue, NW 

Washington, DC 20005 

202/326-6673 

E-mail: egonzalez@aaas.org 
http://www.nextwave.org/ehr/ 


Quality Education for Minorities (QEM) 
Network Teacher Education Action Plan 
Since 1992, the Quality Education for 
Minorities (QENI) Network has sponsored 
four teacher-related initiatives—which are 
the foundation of the Teacher Education 
Action Plan—that probe issues of minority 
student access to challenging mathematics 
and science courses and to qualified teachers. 
The Teacher Education Action Plan's goals are 
to expand the pool of well-qualified minority 
teachers, especially of mathematics and 
science; strengthen the teacher education 
institutions that produce the most minority 
teachers; provide quality professional devel- 
opment programs for teachers; produce a cul- 
turally and ethnically diverse cadre of teachers 
that represent the community that represents 
the community it serves; and coordinate 
efforts and share resources across institutions. 
J. Arthur Jones, Senior Associate 

1818 N Street, NW 

Suite 350 

Washington, DC 20036 

202/659-9525 

FAX: 202/659-9528 

E-mail: jajones@qem.org 
http://qemnetwork.qem.org 
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Say Yes to a Youngster’s Future 

Say Yes to a Youngster’s Future is a compre- 
hensive, family-centered education program 
that motivates and trains students of color 
and girls, their families, and their teachers 
in mathematics, science, and technology to 
prepare them for the high technology work- 
place. Say Yes offers in-school programs, 
provides family learning centers and activi- 
ties, and provides role models and mentor- 
ing in schools and in the community for 
pre-K through junior high school students 
and their families. 

The National Urban Coalition 

1875 Connecticut Avenue, NW, Suite 400 
Washington, DC 20009 

202/986-1460 

FAX: 202/986-1468 
http://www.chron.com/content/houston/k- 
12/sayyes/sayyes.html 


School Community 

Mathematics Project 

Faced with the need to effectively reach its 
diverse student population, the Pittsburgh, 
California, Unified School District is teach- 
ing students to become active learners in 
mathematics. The School Community 
Mathematics Project provides teachers and 
parents in the district’s elementary schools 
with the financial resources and materials to 
explore nontraditional teaching methods 
and has made mathematics more accessible 
to students who traditionally don’t succeed 
in mathematics. Schools host informal 
meetings between staff from the nearby 
Lawrence Hall of Science, parents, and stu- 
dents. Parents learn about hands-on mathe- 
matics activities that can be easily executed 
at home with common household materials 
and are encouraged to assist with different 
mathematics opportunities in the classroom. 
Teachers receive quality inservice, follow-up 
throughout the school year, and numerous 
opportunities for leadership. 

Steve Gare, Curriculum Coordinator 
Pittsburgh Unified School District 

2000 Railroad Avenue 

Pittsburgh, CA 94565 

510/473-4289 

FAX: 510/473-4265 


School to Work 

The School To Work Initiative stems from 
The School-to-Work Opportunities Act of 
1994, which provides seed money to states 
and to local partnerships of business, labor, 
government, education, and community 
organizations to develop school-to-work 
systems. Although School-To-Work programs 
vary from state to state, each program 
allows students to explore different careers, 
provides students with structured training 
and work-based learning experiences that 
teach them work-related skills, and develops 
education and training standards that 
ensure that students receive the proper edu- 
cation for each career. Employers, teachers, 
and workers outline the skills necessary for 
each job and work together to help students 
acquire them. Employers create a structured 
learning program that is closely connected 
to the school curriculum to ensure that stu- 
dents learn as they work. Teachers, adminis- 
trators, and counselors work with businesses 
to find better ways to incorporate workplace 
concepts and technologies into the curriculum. 
The School-to-Work Learning and 
Information Center 

400 Virginia Avenue, Room 210 
Washington, DC 20024 

800/251-7236 

FAX: 202/401-6211 

E-mail: stw-lc@ed.gov 
http://www.ed.gov/Programs/stw. html 


Science Access for All Students 

The Center for Accessible Technology has 
established a model for improving 
instructional delivery in science for students 
with disabilities. The intention of this model 
is to prepare science educators and staff 
developers in California to meet the needs 
of students with disabilities. The Center will 
produce a video/workbook kit that will 
model the process of planning for inclusion 
and full participation in science. 

Lisa Wahl, Executive Director 

Center for Accessible Technology 

2547 8th Street, 12-A 

Berkeley, CA 94710-2572 

510/841-3224 

http://www.el.net/CAT 
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Science Activities for the Visually 
Impaired/Science Activities for Learners 
with Physical Handicaps (SAVI/SELPH) 
The SAVI/SELPH program was originally 
developed to meet the science learning 
needs of students with disabilities, but has 
recently been successfully applied in all 
types of upper-elementary school class- 
rooms. The program materials include print 
and video activities and optional student 
science kits. 

Linda DeLucchi 

Lawrence Hall of Science 

Center for Multisensory Learning 
University of California 

Berkeley, CA 94720 

510/642-8941 


Science Association for Persons with 
Disabilities (SAPD) 

This organization promotes and advances 
the teaching of science, and the develop- 
ment of curricular and instructional materi- 
als for students with disabilities at all levels. 
SAPD is supported by membership dues 
and is associated as a sub-group with the 
National Science Teachers Association. 
Ben Van Wagner, President 

Fresno-Pacific College 

1717 South Chestnut Ave 

Fresno, CA 93702 

209/453-2278 

FAX: 209/453-2007 


Teachers Involve Parents in Schoolwork 
(TIPS) 

Teachers helped design, implement, and test 
this program for interactive homework, 
called Teachers Involve Parents in Schoolwork 
(TIPS). With TIPS, any teacher can help 
their students’ families stay informed and 
involved in their children’s learning activi- 
ties. TIPS programs encourage students to 
share what they are learning about a specific 
mathematical skill and obtain reactions 
from parents before complcting regular 
mathematics homework. Thc programs also 
provide a format for students to conduct 
and discuss with their parents a hands-on 
lab or data collection activity related to the 
science topics they study in class. TIPS 


enables all families to become involved— 
not just those who already know how to 
discuss mathematics, science, or other sub- 
jects. All activities require students to talk 
to someone at home about what they are 
learning in class, and TIPS asks families to 
comment on their children’s work. Thus, 
homework becomes a three-way partnership 
involving students, families, and teachers. 
Joyce Epstein, Co-Director 

Center on Families, Communities, Schools, 
and Children’s Learning 

Johns Hopkins University 

3505 N. Charles Street 

Baltimore, MD 21218 

410/516-0370 


YouthALIVE! 

The Association of Science-Technology 
Centers launched this national youth pro- 
gram in 1991 to generate excitement about 
science learning in populations that are tra- 
ditionally underrepresented in science and 
museum programs. Children aged 13 to 17 
work in one of more than 40 museums or 
science centers—often for more than one 
year—as interns and interpreters. For 
younger children, more than 80 YouthALIVE! 
programs at museums and science centers 
provide hands-on science learning through 
workshops, classes, clubs, research projects, 
and camps. Through these programs, stu- 
dents increase their aptitude for and interest 
in science by encountering scientific phenom- 
ena and ideas in personally meaningful ways. 
Tanya Tucker 

Association of Science-Technology Centers, 
Inc. 

1025 Vermont Avenue, NW, Suite 500 
Washington, DC 20005-3516 
202/783-7211 

FAX: 202/783-7207 
hetp://Awww.astc.org/astc/info/youth/ya!.htm 
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NATIONAL SCIENCE, MATHE- 
MATICS, AND TECHNOLOGY 
EDUCATION ORGANIZATIONS: 


American Association of Physics Teachers 
Bernard V. Khoury, Executive Officer 
One Physics Ellipse 

College Park, MD 20740-3845 
301/209-3300 

E-mail: bvk@aip.org 

http://Awww.aapt.org 


American Chemical Society 

Sylvia A. Ware, Division Director, Education 
1155 16th Street, NW 

Washington, DC 20036-4800 
202/872-4388; FAX: 202/872-8068 

E-mail: saw97@acs.org 

http://www.acs.org 


American Indian Science and 
Engineering Society 

Norbert Hill, Executive Director 
5661 Airport Blvd. 

Boulder, CO 80301-2339 
303/939-0023, FAX: 303/939-8150 
http://bioc02.uthscsa.edu/aisesnet.html 


International Technology 

Education Association 

Kendall Starkweather, Executive Director 
1914 Association Drive 

Reston, VA 22091-1502 
703/860-2100, FAX: 703/860-0353 
http://www.iteatwww.org 


National Association of Biology Teachers 
Kathleen Frame 

11250 Roger Bacon Drive, No. 19 
Reston, VA 22090-5202 

703/471-1134, FAX: 703/435-5582 
http://gene.com/ae/RC/NABT 


National Association of Geology Teachers 
Robert Christman, Executive Director 
Department of Geology 

Western Washington University 
Bellingham, WA 98225 

206/650-3587, FAX: 206/650-7295 

E-mail: xman@henson.cc.wwu.edu 
http://oldsci.eiu.edu/geology/NAGT/NAGT 
-html 


National Association for Research in 
Science Teaching 

Dr. Arthur L. White 

Ohio State University 

1929 Kenny Road, Suite 200E 

Columbus, OH 43210 

(614) 292-3339, FAX: (614) 292-1595 
http://science.coe.uwf.edu/narst/narst.html 


National Council of Teachers 

of Mathematics 

Linda Rosen, Executive Director 
1906 Association Drive 

Reston, VA 22091 

703/620-9840, FAX: 703/476-2970 
http://www.nctm.org 


National Earth Science 

Teachers Association 

Frank Watt Ireton, Executive Advisor 
American Geophysical Union 

2000 Florida Avenue, NW 
Washington, DC 20009-1277 
202/462-6900 ext. 243, FAX: 202/328- 
0566 

E-mail: fireton@kosmos.agu.org 
http:// www.agu.org 


National Science 

Teachers Association 

Gerry Wheeler, Executive Director 
1840 Wilson Blvd. 

Arlington, VA 22201-3000 
703/243-7100, FAX: 703/243-7177 
http://www. nsta.org 
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POLICY, RESEARCH, AND 
REFORM ORGANIZATIONS: 


American Education Research Association 
William J. Russell, Executive Officer 

1230 17" Street, NW 

Washington, DC 20036 

202/223-9485, FAX: 202/775-1824 
http://tikkun.ed.asu.edu/aera/home.html 


Consortium for Policy 

Research in Education 

Peg Goertz, Co-Director 

3340 Market Street, Suite 560 
Philadelphia, PA 19104-3325 
215/573-0700 ext. 228, FAX: 215/573-7914 
E-mail: pegg@nwfs.gse.upenn.edu 
http://www.upenn.edu/gse/cpre 


Council of Chief State School Officers 
Gordon Ambach, Executive Director 

1 Massachusetts Ave., NW, No. 700 
Washington, DC 20001-1431 
202/408-5505, FAX: 202/408-8072 
http://www.ccsso.org 


Education Commission of the States 
Frank Newman, President 

707 17th Street, No. 2700 

Denver, CO 80202-3427 
303/299-3600, FAX: 303/296-8332 
http://Awww.ecs. org 


Mathematical Sciences 

Education Board 

Joan Ferrini- Mundy, Executive Director 
2101 Constitution Avenue, NW 

Harris 476 

Washington, DC 20418-0007 
202/334-1273, FAX: 202/334-1453 
E-mail: mseb@nas.edu 
http://www.nas.edu/mseb/mseb.html 


National Academy of Sciences 
National Research Council Center for 
Science, Mathematics, and Engineering 
Education 

Rodger Bybee, Exccutive Director 

2101 Constitution Avenuc, NW 
Washington, DC 20418 

202/334-2353, FAX: 202/334-2210 
http://www.nas.edu 


National Board for Professional 
Teaching Standards 

James A. Kelly, President 

300 River Place, No. 3600 

Detroit, MI 48207 

810/351-4444, FAX: 810/351-4170 


National Center for Improving 
Science Education 

Senta Raizen, Associate Director 
2000 L Street, NW, Suite 603 
Washington, DC 20036 
202/467-0652, FAX: 202/467-0659 


National Center for Research on 
Evaluation, Standards, and Student 
Testing (CRESST) 

UCLA Graduate School of Education 
405 Hilgard Avenue 

145 Moore Hall 

Los Angeles, CA 90024-1522 
310/206-1532, FAX: 310/825-3883 
http:/Avww.cse.ucla.edu 


Office of Science and Technology Policy, 
National Science and Technology Council 
Angela Phillips Diaz, Executive Secretary 
Old Executive Office Building 

17") and Pennsylvania Avenue, NW 
Washington, DC 20500 

202/456-6100, FAX: 202/456-6026 
http:/Avww.whitehouse.gov/WWH/EOP/OS 
TP/html//OSTP_Home.html 


National Institutes of Child Health and 
Human Development 

Clarissa Wittenberg, Chief 

31 Center Drive, Room 2A32 
Bethesda, MID 20892-2425 
301/496-5133, FAN: 301/496-7101 
http://Avww.nih.gov/nichd 


School Mathematics and Science 
Achievement Center 

Thomas A. Romberg, Director 
University of Wisconsin 

1025 West Johnson Street 
Madison, WI 53706 

608/263-4285, FAX: 608-263-3406 
http://www.weer.wisc.edu 
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NATIONAL EDUCATIONAL 


ORGANIZATIONS: 


American Association 

for Higher Education 

Louis Albert, Vice President 

One Dupont Circle, NW 

Suite 360 

Washington, DC 20036 
202/293-6440, FAX: 202/293-0073 
http://www.aahe.org 


American Federation of Teachers 
Alice Gill, Assistant Director 

555 New Jersey Ave., NW 
Washington, DC 20001 
202/879-4000, FAX: 202-879-4545 
http://www.aft.org 


Council for Exceptional Children 
Nancy Safer, Executive Director 
Information Services 

1920 Association Drive 

Reston, VA 22091-1589 
703/620-3660 
http://www.cec.sped.org/home.htm 


National Council for 
Measurement in Education 

Don Cameron, Executive Director 
1230 17h Street, NW 
Washington, DC 20036 
202/223-9318, FAX: 202/775-1824 
http://www.assessment.iupui.edu/ 
nceme/ncme.html/ 


National Education Association 
1201 16¢ Street, NW 
Washington, DC 20036 
202/833-4000 
http://www.nea.org 


National Association of 
Elementary School Principals 
1615 Duke Street 
Alexandria, VA 22314-3483 
703/684-3345, 800/386-2377 
800/396-2377 
http://www.naesp.org 


National Association of 

Secondary School Principals 

1904 Association Drive 

Reston, VA 22091 

703/860-0200, FAX: 703/476-5432 
http://www.nassp.org 


National PTA 

National Headquarters 

330 North Wabash Ave., Suite 2100 
Chicago, IL 60611-3690 
312/670-6782, FAX: 312/670-6783 
http://www. pta.org 


SCIENCE CURRICULUM 
MATERIALS DEVELOPERS: 


Activities Integrating Math and Science 
(AIMS) Education Foundation 

1595 S. Chestnut Avenue 

Fresno, CA 93702 

209/255-4094, FAX: 209/255-6396 
E-mail: aimsed@fresno.edu 
http://www.aimsedu.org 


Biological Sciences Curriculum Study 
Pikes Peak Research Park 

5415 Mark Dabling Blvd. 

Colorado Springs, CO 80918 
719/531-5550, FAX: 719/531-9104 


Educational Development Center, Inc. 
Judith Opert Sandler, 

Managing Project Director 

EDC Publishing Center 

55 Chapel Street 

Newton, MA 02158 

617/969-7100 

800/225-4276, FAX: 617/965-6325 
http://www.edc.org 


Lawrence Hall of Science 

Ian Carmichael, Director 

University of California 

Centennial Drive 

Berkeley, CA 94720 

510/642-5132, FAX: 510/642-1055 
http://ucaccess.uirt.uci.edu/rescenters/ber/la 
wrence.html 
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Technical Education Research Centers 
(TERC) 

Barbara Sampson, 

Chief Executive Officer 

2067 Massachusetts Avenue 
Cambridge, MA 02140 

617/547-0430 

http://www.terc.edu 


INFORMATION AND SUPPORT 
ORGANIZATIONS: 


American Association of University 
Women 

Carole Rogin, Interim Executive Director 
1111 16tH Street, NW 

Washington, DC 20036 

202/785-7700, FAX: 202/872-1425 


http://www.aauw.org 


Council for Aid to Education 

342 Madison Avenue, Suite 1532 
New York, NY 10173 
212/661-5800, FAX: 212/661-9766 
http://www.cae.org 


Derek Bok Center For Teaching 
and Learning 

Harvard University 

Science Center 318 

J. Wilkinson, Director 

1 Oxford Street 

Cambridge, MA 02138 
617/495-4869, FAX: 617/495-3739 


Eisenhower National Clearinghouse for 
Math and Science Education 

Len Simutis, Director 

1929 Kenny Road 

Columbus, OH 43210-1079 
614/292-7784, FAX: 614/292-2066 
http:// www.enc.org/ 


Junior Engineering Technical Society 
Dan Kunz, Executive Dircctor 

1420 King Street 

Alexandria, VA 22314-2570 
703/548-5387, FAX: 703/548-0769 
E-mail: jets@nas.edu 
http://www.asee.org/jets 


NASA Central Operations of Resources 
for Educators (CORE) 

Tina Salyer 

Lorain County Joint Vocational School 
15181 Route 58 South 

Oberlin, OH 44074 

216/774-1051, FAX: 216/774-2144 
E-mail: nasaco@leeca8.leeca.ohio.gov 
http://spacelink. msfc.nasa.gov/CORE 


NASA Educational Workshops for 
Math and Science Teachers/NASA 
Educational Workshops for 
Elementary School Teachers 

Wendell Mohling, Program Director 
National Science Teachers Association 
1840 Wilson Blvd. 

Arlington, VA 22201-3000 
703/312-9226, FAX: 703/243-7177 
E-mail: nem-request@nsta.org 


National Action Council for Minorities 

in Engineering 

Lea K. Williams, Executive Vice President 
3 West 35") Street 

New York, NY 10001-2281 
212/279-2626, FAX: 212/629-5178 
http://www.nacme.org 


National Council for the Accreditation 
of Teacher Education 

Arthur Wise, President 

2029 K Street, NW, Suite 500 
Washington, DC 20006 
202/466-7496, FAX: 202/296-6620 


National Energy Information Center 

Paula Altman, Energy Information Specialist 
Energy Information Administration 

Room 1F-048 

1000 Independence Avenue, SW 
Washington, DC 20585 

202/586-8800, FAX: 202/586-0727 
http://www.eia.doe.gov 


National Science Resources Center 
Douglas M. Lapp, Executive Director 
Smithsonian Institution 

MRC 50-2 

Washington, DC 20560 
202/357-2555, FAX: 202/786-2028 
http://www.si.edu/nsre 
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Triangle Coalition for Science and 
Technology Education 

John M. Fowler, Executive Director 
5112 Berwyn Road 

College Park, MD 20740 
301/220-0870, FAX: 301/474-4381 
http://www.triangle-coalition.org 


U.S. Department of Education 

Luna Levinson, Education Program Specialist 
Office of Educational Research 

and Improvement 

555 New Jersey Avenue, NW 

Washington, DC 20208-5572 
202/219-2164, FAX: 202/219-2109 

World Wide Web: http://Awww.ed. 
gov/offices/OERI/oeribio.html 


U.S. Department of Education 
Office of Bilingual Education and 
Minority Languages Affairs 

Delia Pompa, Director 

600 Independence Avenue, NW 
Washington, DC 20202-6510 
202/205-5463 
http://www.ed.gov/offices/OBEMLA 


U.S. Department of Education 
National Center for Education Statistics 
Emerson J. Elliot, Commissioner of 
Education Statistics 

555 New Jersey Avenue, NW 
Washington, DC 20208 

202/219-1828, FAX: 202/219-1736 
http://www.ed.gov/NCES 


SCHOOL-BASED PROGRAMS: 


UCLA Science Project 
Janet Thornber, Director 
1041 Moore Hall 

Box 951521 

Los Angeles, CA 90095 
310/825-1109 


Thomas Jefferson High School for Science 
and Technology 

Geoffrey A. Jones, Principal 

6560 Braddock Road 

Alexandria, VA 22312 

703/750-8300, FAX: 703/750-5010 


Middle College High School 
Cecilia Cullen, Principal 
3110 Thompson Ave. 

Long Island City, NY 11101 
718/349-4000 


ORGANIZATIONS FOR SCIENTISTS 
AND STUDENTS WITH 
DISABILITIES: 


Committee on Chemists with Disabilities 
American Chemical Society 

1155 16th Street, NW 

Washington, DC 20036 

800/227-5558, 202/872-4438 (V/TDD) 


Foundation for Science and Disability 
E.C. Keller, Jr., President 

236 Grand Street 

Morgantown, WV 26505-67509 
304/293-5201 


For Information on The Americans with 
Disabilities Act (ADA): 


Americans with Disabilities Act 
Equal Employment Opportunity 
Commission 

1801 L Street, NW 
Washington, DC 20507 
800/669-EEOC (V) 
800/800-6860 (TDD) 


For Information on Assistive Technologies: 


Center for Special Education Technology 
The Council for Exceptional Children 
1920 Association Drive 

Reston, VA 22091-1589 

703/620-3660 


For Information on Specific Disabilities and 
Advocacy Training: 


National Center for Learning Disabilities 
(NCLD) 

381 Park Avenue South 

Suite 1420 

New York, NY 10016 

212/545-7510 

202/789-1505(in Washington, DC) 
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National Federation of the Blind 
1800 Johnson Street 

Baltimore, MD 21230 
410/659-9314 


American Foundation for the Blind 
11 Penn Plaza, Suite 300 

New York, NY 10001 
800/232-5463, 212/502/7600 


Alexander Graham Bell Association 
for the Deaf 

3417 Volta Place, NW 

Washington, DC 20007 
202/337-5220 (V/TDD) 


National Technical Institute for the Deaf 
Rochester Institute of Technology 

52 Lomb Memorial Drive 

P.O. Box 9887 

Rochester, NY 14623-0887 
716/475-6200 (V/TDD) 


National Spinal Cord Injury Hotline 
‘fo Montebello Rehabilitation Hospital 
2201 Argonne Drive 

Baltimore, MD 21218 

800/526-3456 


United Cerebral Palsy Associations 
1660 L Street, NW 

Suite 700 

Washington, DC 20036-5602 
202/776-0406 


WORLD WIDE WEB SITES 
FOR INFORMATION 
AND RESOURCES: 


American Association for the 
Advancement of Science Home Page 
hetp://www.aaas.org/ 


Educational Resources Information Center 


(ERIC) Home Page 
http://www.aspensys.com/eric/ 


Eisenhower National Clearinghouse 

for Mathematics and Science Education 
Home Page 

http://www.enc.org/ 


NASA Education Home Page 
hetp://www.hq.nasa.gov/office/codef/ 


education 


North Central Regional 

Educational Laboratory 

Pathways to School Improvement— 
Assessment 

http://www. ncrel.org/ncrel/sdrs/areas/ 
asOcont.htm 


Technology Education Resources 
hetp://ed1.eng.ohio-state.edu/TechRes/pro- 
forgs.html 


The Regional Alliance for Mathematics 
and Science Education Reform Hub 
http://ra.terc.edu/HubHome/html 


DIRECTORIES: 


IDEAAAS Sourcebook for Science, 
Mathematics, and Technology Education 
Barbara Walthall, Editor 

AAAS 

1200 New York Avenue, NW 
Washington, DC 20005 

202/326-6646 


To Order: 

The Learning Team 

Suite 256, 10 Long Pond Road 
Armonk, NY 10504 
800/793-TEAMI, FAX: 914/273-2227 
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Serious efforts to reform the K-12 science curriculum in this country require an 
understanding of the entire system of education. To gain this perspective, Project 
2061 of the American Association for the Advancement of Science commissioned 
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tion of these reports that offers teachers, parents, policymakers, and business lead- 
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research, materials and technology, higher education, and business and industry, 
providing an overview of each area as well as recommendations on future actions. 
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and organizations related to each topic. A companion Blueprints On-Line web site 
at http://project2061.aaas.org provides access to even more information and oppor- 
tunities to exchange views with other educators, policymakers, and parents. By 
bringing this wealth of material together, Project 2061 offers new insights about 
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The American Association for the Advancement of Science (AAAS) is an inter- 
national organization, with a membership that includes over 140,000 scientists, 
engineers, science educators, policymakers, and others interested in science and 
technology. Project 2061 is AAAS's long-term nationwide initiative to improve sci- 
ence, mathematics, and technology education for all students. 


U.S. $17.95 ISBN 0-19-512427-8 


